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C H A P T E R 1 
I N T R O D U C T I O N 
1.1 STRUCTURE AND SYNTHESIS OF SULFINES 
The S-monoxides of t h i o c a r b o n y l c o n t a i n i n g compounds 
are nowadays c a l l e d s u l f i n e s . 1 T h i s name was proposed by 
Sheppard and Diekmann 2 t o i n d i c a t e the s t r u c t u r a l r e l a t i o n ­
s h i p w i t h t h i o n e S - d i o x i d e s which are known as s u l f e n e s . 3 
S u l f i n e s may be c o n s i d e r e d as analogs of s u l f u r d i o x i d e 
i n w h i c h an oxygen atom i s r e p l a c e d by a carbon atom. In a 
s i m i l a r f a s h i o n t h i o n e S - i m i d e s , t h i o n e 5 - y l i d e s , tf-sulfinyl 
amines and sul f u r d i i m i des car be r e g a r d e d as d e r i v a t i v e s 
o f s u l f u r d i o x i d e (scheme 1 . 1 ) . 
scheme 1.1 
2 II II II 
с с с 
x · ^ ^ Y X ^ Y Х ^ Y 
sulfme thione S-imide thione S-ylide 
Il M 
R^ R, 
N-sulfinyl amine S-dnmide 
All the systems depicted in scheme 1.1 are non-linear. 
This non-linearity is in accordance with Walsh's rules 
which states that molecules X-Y-Z are non-linear if 18 
valence electrons are present.^ The non-linearity of sulfines 
was confirmed by means of dipole moment m e a s u r e m e n t s , 5 · 6 ' 7 
H-NMR spectral a n a l y s e s 5 ' 8 and X-ray diffraction 9. As a 
consequence of their non-linear structure sulfines XYC=S0 
with X ¿ Y in principle can exist as geometrical i s o m e r s . 1 0 
1 
Several examples have been reported of the isolation of 
stable geometric isomers. 1 0 
The charge distribution in the parent sulfine H2C=S0 
and some halogen substituted sulfines has been calculated 
by ab initio m e t h o d s . 1 1 It was found that the positive 
charge on sulfur (0.60-0.67) and the negative charge on 
oxygen (-0.68) is almost independent of the nature of the 
substituents at the carbon atom. However, a wide range of 
charges on the carbon atom is observed in the differently 
substituted sulfines. 
As early as 1916 Staudinger 1 2 mentioned an attempt to 
synthesize sulfines, namely by the reaction of phosphonium 
ylids and sulfur dioxide. However, benzophenone and sulfur 
were obtained instead. On the basis of the current knowledge 
of sulfines 1» 1 3 these products indeed arise from initially 
formed sulfine {i.e. PINOSO). The first stable sulfine was 
prepared by Wedekind, Schenck and Stüsser11* by reacting 
camphor-10-sulfonyl chloride with pyridine or triethyl-
amine (scheme 1.2). The structure of this chlorosulfine ^ 
scheme 1.2 
CH2SO2CI 














was confirmed four decades later by spectroscopic means. 6 
The Wedekind method was also used to prepare the first 
stable geometrically isomeric sulfines (2a and 2^ b ) (scheme 
1.2). б 
The renewed interest in the chemistry of sulfines in the 
beginning sixties led to several general methods for the 
2 
synthesis of these heterocumulenes.' Dehydrohalogenation 
of sulfinyl chlorides was employed to prepare the first 
stable thioaldehyde S-oxide 315 and thioketone S-oxide 4 2 















preparation of dimethyl sul fi n e 2 , some monoalkylsul f i nes 1 6, 
chiorophenylsul fi n e 1 7 , cyanophenylsul f i n e 1 β , phenyl sul fi n e 1 9 
and di-t-butylsul f i n e 2 0 . It is of interest to note that 
ethylsulfine (thiopropanal S-oxide) has been characterized 
as the principal lachrymatory factor in o n i o n s . 1 6 » 2 1 This 
sulfine is formed by action of the enzyme aliinase upon 
(+ )-S-(1-propenyl)-£-cysteine sulfoxide 5^  (present to the 







n a s e
. сн,сн=с' 
Pyridoxal J r^ c s 
p h o s p h a t e ^ v < ^ / 
C j H ^ 4 0 CoH, 
7 - Ζ 
Н^ , 0 
2Г'5 
7-E 
shown that the naturally occurring sulfine has predominantly 
the z-geometry ( 7 - 2 ) . 
3 
s n a t i o n o f s u l f i n y l 
mCPBA 
2 equiv. 1 
E-senes 
Ar-C' 
0 0 0 
II II ÏÏ 
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^ S - 0 mCPBA ^ S = 0 mCPBA ^ 5 = 0 




S t e r i c a l l y f i l l e d s u l f i n e s can be p r e p a r e d by o z o n i z a t -
i o n o f t h e c o r r e s p o n d i n g t h i o c a r b o n y l c o m p o u n d s . 2 8 T h i s 
t y p e o f s u l f i n e s can a l s o be o b t a i n e d by a n o n - o x i d a t i v e 
r o u t e , viz. a d d i t i o n o f c h l o r i n e t o t h e C=S bond f o l l o w e d 
by h y d r o l y s i s o f t h e o b t a i n e d α - c h l o r o s u l f e n y l c h l o r i d e s 2 " 
( 1 , 3 - d e h y d r o h a l o g e n a t i o n r e a c t i o n ) . 
4 
In analogy with the formation of sulfenes from the 
reaction of diazoalkanes with sulfur d i o x i d e 2 9 , sulfines 
have been prepared from diazoalkanes by reaction with in 
s i t u generated sulfur m o n o x i d e . 3 0 Similarly, phosphonium, 
sulfonium and pyridinium y l i d s 3 1 react with sulfur monoxide 
to produce sulfines (scheme 1.6). An alternative method for 
scheme 1.6 
У-х* so >s*° + X 
X=N2,PPh3. SPh2. 
NC SH 5 
the formation of the C=S bond during the synthesis of 
sulfines comprises the Wittig reaction of phosphonium ylids 
with sulfur d i o x i d e 1 3 (scheme 1.7). Reaction of (diaryl-
methylene)triphenylphosphoranes with excess of sulfur dioxide 
in an apolar solvent gave the corresponding diary1 sul f i nes. 
Probably, a sulfobetaine is an intermediate. An analogous 
scheme 1.7 








-»· R' •PPhj 
,S — О 
- : > s *
0 
(Z.E) 
betaine is proposed by Motoki and S a i t o 3 2 in the sulfine 
formation from triphenylphosphoranes and ff-sulfinyl-ρ-nitro-
aniline (scheme 1 . 8 ) . A synthetically attractive modificat­









dioxide is the alkylidenation of sulfur dioxide using a-silyl 
carbanions (scheme 1.9). 3 3 The requisite a-silyl carbanions 
scheme 1.9 
1 \ 1) base 
.CH2 i 
R / 2) MejSiCl 
Rb .H X SiMea 1) base 1 2) SO, 
R , — С — S 
2







\ = 5 ^ + М е з 5 і О 
can e i t h e r be p r e p a r e d by s i l y l a t i o n o f an a p p r o p r i a t e 
a c t i v e methylene compound 3 3 or by g - a d d i t i o n o f a n u c l e o -
p h i l i c r e a g e n t t o s u i t a b l e v i n y l s i 1 a n e s . ^ The s y n t h e s i s 
o f s u l f i n e s via the m o d i f i e d P e t e r s o n r e a c t i o n has s e v e r a l 
a t t r a c t i v e f e a t u r e s : the r e q u i r e d a - s i l y l c a r b a n i o n s can 
e a s i l y be o b t a i n e d from r e a d i l y a v a i l a b l e a c t i v e methylene 
compounds, the method i s e x p e r i m e n t a l l y s i m p l e as i t can 
be p e r f o r m e d w i t h o u t i s o l a t i o n of i n t e r m e d i a t e p r o d u c t s 
( o n e - p o t p r o c e d u r e ) and new t y p e s of s u l f i n e s can be 
p r e p a r e d which are n o t a c c e s s i b l e via the o x i d a t i o n r o u t e . 
Sometimes a s i d e - r e a c t i o n i s o b s e r v e d , viz. t h e f o r m a t i o n 
of an o l e f i n by r e a c t i o n o f the a - s i l y l c a r b a n i o n w i t h 
a l r e a d y formed s u l f i n e (scheme 1 . 1 0 ) . 
scheme 1. 10 
V 
l M e 3 "2 >s 
Г"! 
• Мез5іО + S 
A variant of the Peterson reaction with sulfur dioxide 
has been employed to prepare ff-sulfinylamines.35 This 
imination of sulfur dioxide by means of /V-trimethyl si lyl 










 R - N = S ^ 0 2 2)Me3SiCI 3 2) 5О2 
Some less common routes to sulfines are :thermolysis of 
sulfinyl compounds 3 6, rearrangement of sul finylcarbenes э 7 
and photoconversion of sulfoxides. 3 8 
1.2 REACTIONS OF SULFINES WITH NUCLEOPHILIC AND ELECTRO-
PHILIC REAGENTS 
In principle two modes of reactions of sulfines with 
nucleophilic reagents can be envisaged, viz. a thiophilic 
and a carbophilic reaction as is outlined in scheme 1.12. 
scheme 1.12 
^ S x Nu e ^S Nu 6 I 7=1 ^ 
— *— I ^ ^ II τ=* -c-z ±Ζ± Il + ί Θ ^ - - - -
attack attack Nu 
at S at С 
In exploring the reactions of differently substituted 
sulfines with nucleophiles it was concluded that the nature 
of the substituents on the sulfine carbon atom determines if 
the primary attack takes place at carbon or sulfur. Diaryl-
sulfines react with methyl 1 ithiurn or phenyl 1 ithium to 
give the corresponding sulfoxides 3 9 (scheme 1.13). Sulfines 
derived from dithioesters similarly react with alkyl1 ithiurns 
at the sulfine sulfur atom to produce dithioacetal mono-, 
di- and trioxides 2 5 (scheme 1.13). The dithioacetal monoxides 
scheme 1.13 
0 
Ar\ DRU Ar4 / S- R 
C=SO • С 
/ 2 ) Η 2 0 / Η ·
 H ' ^ 
X= Ar, SAr, SAlk, S(0)Ar, ЗОгАг, R= Me. η-Bu, Ph 
7 
obtained in this manner have been used in nucleophilic 
acylation reactions and the synthesis of unsymmetrical 
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Ar. 'ч © 
C = SR + MeSOH 
A 4 •°7 S- M e 
H S-R 
• АгСН=0 + MeSSR 
R= n-Bu,n-C7H15l Ph, AcO(CH2)io , Ar= Ph, p-MeC6Ht 
MeSSÍCH« ) ι gAc was prepared 1* 1, which is of importance in 
connection with the study of the sex pheromone receptors 
of the European corn borer and the red-banded leaf-roller 
moths. The reaction of various sulfines with functional i zed 
carbanions has also been investigated.^ 1 
Carbophilic reactionswith nucleophilic reagents were 
encountered particularly with chlorosulfi nes (scheme 1 . 1 5 ) . 
scheme 1.15 





•^  P h—C — N H P h 
-• P h _ C — S P h 
s*
0 
* Ph-C —SCN 
K N 3 M 
*-*• Ph-C-Ν, 
Substitution of the halogen atom has been accomplished with 
several nucleophi1 e s . ^ 2 An interesting feature of this 
halogen displacement is that the geometrical configuration 
present in the chiorosulfine is predominantly retained 
in the product.^ 3 
Sulfines possessing a hydrogen atom at the α-carbon 
atom can be deprotonated with a suitable base and subsequently 
8 
undergo an electrophi1 i с alkylation at sulfur giving α,β-














1.3 CYCLOADDITION REACTIONS OF SULFINES 
Sulfines can undergo a variety of cycloaddition 
reactions, e.g. with 1,3-dienes and 1, 3-dipol e s . 1 A variety 
of substituted sulfines react with conjugated dienes to 
give dihydrothi apyran S-oxides. 1* 5 A typical example is given 
















Ε(18·/.) • Ζ(70·/.) 
ship in the sulfine is predominantly retained in the cyclo-
adduct. 1* 5 As expected for Diels-Alder reactions electron 
withdrawing substituents at the sulfine carbon atom enhance 
the reactivity towards cycloaddition consi derably.''5 ·'*6 
In addition to 2,3-dimethyl-1,3-butadiene, cyclopenta-
diene1'5»''6»''7, anthracene 1* 5 and the dioxo-system of tetra-
chloro-ort/io-quinone' 1 β has been studied as the diene component. 
9 
Several types of 1 , 3 - d i p o l a r r e a g e n t s r e a c t w i t h 
s u l f i n e s . A r o m a t i c and a l i p h a t i c s u l f i n e s g ive c y c l o a d d i t i o n 
r e a c t i o n s w i t h d i a z o compounds, e.g. 2 - d i a z o p r o p a n e , in a 
r e g i o s p e c i f i с and s t e r e o s p e c i f i с manner g ives Δ 3 - 1 , 3 , 4 -
t h i a d i a z o l ine S-ox i des 1 1 9 (scheme 1 . 1 8 ) . S u l f i n e s w i t h 
scheme 1.18 
Jl + Me2C=N2 
ι.





s t e r i c a l l y f i l l e d s u b s t i t u e n t s show a d e v i a n t b e h a v i o u r 
towards 2 - d i a z o p r o p a n e . As shown in scheme 1.19 e p i s u l f o x i d e s 
are the i s o l a t e d p r o d u c t s . 5 1 As the three-membered r i n g 
f o r m a t i o n i s n o n - s t e r e o s p e c i f i с , i t i s suggested t h a t a 
scheme 1. 19 
Me2C=N2 
PhSOi 
F H c S ^ * PhCH=N2 






/ M e 
<м. 
y» 
Fl , > ^ < 
Ph 
two-step process is taking place instead of a concerted 
reacti o n . 5 ' 
Besides diazoalkanes the following 1,3-dipoles have 
been investigated: benzonitrile o x i d e 5 2 , diphenylni tri 1 -
i m i n e 5 3 and mesoionic compounds 5 1* such as munchnons and 
aziactones. 
A more extensive review concerning the structure, 
synthesis and reactions of sulfines is given in ref. 1. 
10 
1.4 ЛІМ5 AND SURVEY OF THE RESEARCH 
As outlined in the preceding introductory section 1.1 
the synthesis of sulfines via alkylidenation of sulfur 
dioxide using ot-silyl carbanions has several attractive 
features. However, there are a number of questions arising 
from this method that are awaiting an answer. 
- What is the scope of this new route to sulfines. Which 
types of functionali zed sulfines are accessible by this 
method. 
- Can the disturbing side reaction leading to olefins 
(scheme 1.1 0 ) , encountered during the preparation of 
sulfines, be avoided. Is it possible to promote the side 
reaction to a useful route to olefins. 
- Can the above mentioned side reaction be elaborated to 
a synthesis of thione S-imides. 
The first objective of the work described in this thesis 
is to provide answers for these questions. The second 
objective is to study the chemical behaviour of the newly 
prepared types of sulfines. 
In the introductory chapter a brief review is given 
concerning the chemistry of sulfines. Chapter 2 deals with 
the details of the Peterson alkylidenation of sulfur 
dioxide to synthesize a variety of sulfines. The problem 
of the interfering side reactions is also treated as well 
as the possibility to prepare olefins from sulfines. 
In chapter 3 the synthesis of thione S-imides from sulfines 
as well as tf-sulfinyl amines is reported. Chapter 4 is 
devoted to the synthesis of different sulfines derived from 
indene by using the modified Peterson reaction with sulfur 
dioxide. Chapter 5 deals with the preparation of phosphoryl-
sulfines and their conversion into α,ß-unsaturated sulfoxides 
and a, ^ -unsaturated phosphoryl compounds. 
11 
Sulfines having a chira! substituent can also be 
prepared by means of the alkylidenation of sulfur dioxide 
as will be outlined in the chapters б and 7. These chapters 
also describe the asymmetric induction during the [4+2]-
cycloaddition of chiral sulfines with 1,3-dienes giving 
dihydropyran 5-oxides. 
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C H A P T E R 2 
PREPARATION OF SULFINES BY ALKYLIDENATION OF 
SULFUR DIOXIDE USING a-SILYL CARBANIONS 
2. 1 ABSTRACT 
The s y n t h e s i s o f s u l f i n e s 4 f rom a s e r i e s o f a c t i v e 
methylene compounds i s d e s c r i b e d . D e p r o t o n a t i o n f o l l o w e d 
by s i l y l a t i o n g i v e s the t r i methyl s i l y l compounds 2^ 
Subsequent d e p r o t o n a t i o n to a - s i l y l c a r b a n i o n s and t r e a t ­
ment w i t h an excess of s u l f u r d i o x i d e leads t o the f o r m a t i o n 
o f s u l f i n e s 4 , u s u a l l y i n good y i e l d s . The e x p e r i m e n t a l 
c o n d i t i o n s o f t h i s a l k y l i d e n a t i o n of s u l f u r d i o x i d e u s i n g 
the m o d i f i e d Peterson o l e f i n a t i o n i s d i s c u s s e d i n d e t a i l . 
H y d r o l y t i c a l l y s e n s i t i v e s u l f i n e s can be p r e p a r e d by u s i n g 
a d r y work-up p r o c e d u r e . These s u l f i n e s can a l s o be t r a p p e d 
w i t h 2 , 3 - d i m e t h y l - 1 , 3 - b u t a d i e n e t o g i v e d i h y d r o o y r a n 
S-ox ides 5^ . R e a c t i o n of the a - s i l y l c a r b a n i o n s w i t h some 
s u l f i n e s leads t o a lkenes 9^ p r o b a b l y t h r o u g h the i n t e r -
mediacy o f t h i o c a r b o n y l s - y l i d e s . 
2.2 INTRODUCTION 
As outlined in Chapter 1, section 1.1, the synthesis 
of sulfines has received considerable attention during 
the last two de c a d e s . 1 The most important routes to these 
sulfur-centered heterocumulenes are: 1,2-dehydrochlorination 
of appropriate sulfinyl c h l o r i d e s 2 (scheme 1.3) and the 
oxidation of thiocarbonyl containing compounds such as 
aromatic t h i o n e s 3 , thioacyl chlorides", dithiocarboxyli с 
e s t e r s 5 (scheme 1 . 5 ) , t h i o a m i d e s 6 , t h i o k e t e n e s 7 and non-
enethiolizable aliphatic t h i o n e s 6 . Although a wide variety 
of sulfines can be prepared by the oxidation method a 
limitation is that oxidation of enethiolizable thiocarbonyl 
compounds usually leads to the corresponding divinyl 
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di sul f i d e s 9 . 
A synthetic route to sulfines which bears analogy with 
the preparation of s u l f e n e s 1 0 from diazo compounds and sulfur 
dioxide, involves the reaction of in s i t u generated sulfur 
monoxide with either diaryldiazomethanes 11 or diaryl 
substituted y l i d s 1 2 (scheme 1.6). This elegant approach, 
however, has a very limited scope. An alternative method 
for the formation of the C=S double bond during the synthesis 
of sulfines comprises the Wittig reaction of phosphonium 
ylids with sulfur d i o x i d e 1 3 (scheme 1 . 7 ) . In a related 
approach f1uorenethione S-oxides were prepared from the 
corresponding phosphonium ylids and //-sul finyl- ρ - n i t r o -
a n i l i n e 1 " (scheme 1.8). 
The attractive concept of the alkylidenation of sulfur 
dioxide was considerably extended by the use of a-silyl 
carbanions as the nucleophilic reagents (scheme 1.9). The 
primary adduct formed by the reaction of the a-silyl carb-
anion with sulfur dioxide smoothly eliminates trimethyl-
silanolate to produce sulfines in good yields. The required 
silyl containing precursors are generally accessible by 
silylation of appropriate active methylene compounds. This 
alkylidenation of sulfur dioxide can be considered as a 
modification of the Peterson olefi nati on 1 5. The sequence 
of reaction used in this synthesis of sulfines is again 
outlined in scheme 2.1 { c f . scheme 1.9). The results 
obtained with this method were published by us in a pre­
liminary communication 1 6 8·. Examples were also mentioned in 
scheme 2. 1 
R , \ il base R l \ / H il base 
XH, *· С *-
R / 21 Me3S'Cl я / NsiMej 2) S 0 2 
I I и/ 
МезЗі 0 2 
1 i 
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the thesis of Van der L e i j 1 , i b . This chapter is a full and 
extended account of this work. 
2.3 RESULTS AND DISCUSSION 
2.3.1 Synthesis of relatively stable sulfines 
The first series of active methylene compounds was 
chosen in such a manner that stable sulfines would result. 
Fluorene _l.a was selected as the model substrate as the 
properties of the corresponding sulfine 4a are w e l l - k n o w n 1 7 . 
Deprotonation of fluorene with n-butyl1 ithium and subsequent 
reaction with trimethylsilyl chloride gave the desired 
silyl compound 2^ a in good yield. Treatment of this compound 
2^ a with one equivalent of n-butyl 1 i thi urn at -78° followed 
by reaction with an excess of gaseous sulfur dioxide gave, 
after raising the temperature slowly to room temperature, 
the desired sulfine 4a. When gaseous sulfur dioxide was 
bubbled through a solution of the a-silyl carbanion the 
resulting sulfine was considerably contaminated with the 
by-product bis-f1uorenylidene. It was hypothesized that this 
olefinic by-product arises from the reaction of the a-silyl 
carbanion with sulfine as outlined in scheme 2.2. The 
primary adduct 6 is supposed to eliminate trimethylsi 1anolate 
s c h e m e 2 . 2 
4 
/" 
c = s 
.^ /" 3 
+ : / \ 
5іМез Rt 
/ 
^ З і М е з 
С — Аз 
" 1 \ ^ \ /зичез 
"2 
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to produce thione S-ylid 8^  which then readily loses sulfur 
probably via an e p i s u l f i d e 1 8 to give the isolated olefin 9. 
Substantial support for this pathway will be given in a 
separate section [vide infra). 
The explanation given for the side reaction clearly 
suggest that olefin formation can be avoided when the 
a-silyl carbanion is added to an excess of sulfur dioxide 
dissolved in tetrahydrofuran. Indeed, using this inverse 
addition led to practically pure sulfine. However, it 
should be noted that also the control of temperature is 
of crucial importance during the whole sequence of reactions. 
Apparently, it is essential that the elimination of tri-
methylsilanolate from intermediate 3 is postponed until all 
the silyl anion has reacted with sulfur dioxide. This can 
be achieved by keeping the temperature below - 7 0 ° . 
Using the inverse addition method and adequate temp­
erature control the active methylene compounds listed in 
Table 2.1 were converted into the corresponding sulfines. 
In order to establish the optimum experimental conditions 
for each substrate i_, in some cases the silylated compounds 
2_ were isolated and then transformed into the sulfines in 
separate reactions. Yields on sulfines obtained by using 
either 1 or 2_ as starting material are listed in Table 2.1. 
For the synthesis of silyl compound 2^ g the use of lithium-
diisopropylami de is recommendable in order to avoid di-
silylation. For the preparation of sulfine 4g acceptable 
results were only obtained when silyl compound 2^ g was used 
as the starting material. Silylation of dithiane И was 
accomplished by using tetramethylethylenediami ne as anion 
stabilizing agent. 
The sulfine synthesis cannot be carried out when the 
starting substrate is too sterically hindered, e . g . 2,4,6-
trimethylbenzyl phenyl sulfide lo can be silylated to 2o, 
however, subsequent deprotonation of the methine proton 
could not be accomplished. 
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TABLE 2 . 1 : Sulfines by al kyl i denati on of sul fur dioxide and the i r 






















































*K. Preafcke and Ch. Weichsel, Tetrahedron L e t t . , 2229 (1976). 
The i n t e r m e d i a t e 3 (scheme 2 .1 ) can undergo а эуп-
e l i m i n a t i o n of t r i m e t h y l s i 1 a n o l a t e t o g i v e e i t h e r the E-
or the Z - g e o m e t r i c a l isomer of the s u l f i n e . The ff/Z-ratio 
w i l l be d e t e r m i n e d by the r e l a t i v e b u l k i n e s s of the 
s u b s t i t u e n t s R, and R-. For s u l f i n e 4_c an E/z-ratio o f 2:3 
was o b t a i n e d , w h i l e f o r sul f o n y l - s u l f i ne 4^ d the ff-isomer 
was i s o l a t e d as the e x c l u s i v e p r o d u c t . 
The s u l f i n e s 4a-h were c h a r a c t e r i z e d by t h e i r s p e c t r a l 
f e a t u r e s (see e x p e r i m e n t a l s e c t i o n ) and i n some c a s e s , 
viz. 4 a , b , e and h , by c o n v e r s i o n i n t o t h e c o r r e s p o n d i n g 
D i e l s - A l d e r adducts 5^  w i t h 2 , 3 - d i m e t h y l - 1 , 3 - b u t a d i e n e 
( T a b l e 2 . 1 ) . I t i s k n o w n 1 9 t h a t the [ 4 + 2 ] - c y c l o a d d i t i o n 
o f s u l f i n e s w i t h d i e n e s p r o c e e d s s t e r e o s p e c i f i c a l l y t o y i e l d 
d i h y d r o p y r a n S - o x i d e s (scheme 2 . 3 ) . 
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scheme 2.3 
Χ - Χ - îpc 
A 1 
2.3.2 Synthesis of hydrolytically sensitive sulfines 
Sulfines that bear strong electron withdrawing 
substituents, e.g. SC^R and CI, are hydrolyzed readily 
into the corresponding methylene c o m p o u n d s 2 0 . Nucleophilic 
attack of water at the sulfine sulfur atom leads to a 
sulfinic acid bearing an electron withdrawing substituent 
and which is known 2 0 to lose sulfur dioxide easily. 
Consequently, sulfines of this type cannot be prepared by 
the procedure described above involving an aqueous work-up. 
Therefore, modified procedures were developed. Firstly, 
the sulfine was trapped in the reaction mixture as the 
cycloadduct with 2,3-dimethyl-l,3-butadiene which then was 
isolated in the usual way (route a ) . The starting silyl 
compounds 2^-1 (see Table 2.2) were converted into the 
corresponding sulfines and trapped immediately as the four 
cycloadducts 5^-1. According to this procedure difficulties 
were encountered with silyl compounds 2m and 2^n. In the case 
of the former substrate no cycloadduct 5m could be obtained. 
Although the anion of 2m was formed by using n-BuLi as well 
as sec-BuLi in the presence of TMEDA and LiCl as stabilizing 
a g e n t 2 6 , probably the corresponding sulfine ^m was not 
formed. The cycloadduct of the sulfine corresponding with 
2/i could not be obtained either. In this latter case, 
probably the sulfine has been formed, however, its reactivity 
towards 2,3-dimethyl-1,3-butadiene is apparently very low. 
A second method is a dry work-up procedure involving the 
addition of an extra equivalent of trimethylsilyl chloride 
after the addition of the a-silyl carbanion to sulfur 
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d i o x i d e was completed i n o r d e r t o c o n v e r t 1 i t h i o t r i m e t h y l -
s i l a n o l a t e i n t o the v o l a t i l e h e x a m e t h y l d i s i l y l o x a n e . 
Subsequent removal o f s o l v e n t s and v o l a t i l e s then leads t o 
s u l f i n e and l i t h i u m c h l o r i d e , t h e f o r m e r was i s o l a t e d i n 
a lmost pure f o r m by e x t r a c t i o n w i t h e t h e r . I n s t e a d of one 
e x t r a e q u i v a l e n t of t r i m e t h y l s i l y l c h l o r i d e a l s o one h a l f 
e q u i v a l e n t of d i m e t h y l s u l f a t e can be used. The t h u s -
o b t a i n e d s u l f i n e s were c o n v e r t e d i n t o t h e D i e l s - A l d e r adducts 
w i t h d i m e t h y l b u t a d i e n e f o r f u r t h e r c h a r a c t e r i z a t i o n ( r o u t e 
b ) . A c c o r d i n g t o r o u t e b c y c l o a d d u c t s 5^i-k were s y n t h e s i z e d 
( T a b l e 2 . 2 ) f rom the c o r r e s p o n d i n g s i l y l compounds 2 j - k . 
From the f a c t t h a t o n l y one c y c l o a d d u c t was i s o l a t e d 
i t may be c o n c l u d e d t h a t d u r i n g the m o d i f i e d Peterson 
r e a c t i o n o n l y one o f the g e o m e t r i c a l i s o m e r i c s u l f i n e s i s 
o b t a i n e d 1 9 (most l i k e l y hav ing the Ri s u b s t i t u e n t p o i n t i n g 
towards o x y g e n ) . 
TABLE 2.2: Sulfines by alkyl idenation of sul fur dioxide and t h e i r 
cycloaddition with 2,3-dimethyl-l,3-butadiene 
s t a r t i n g compound y i e l d of 5^  (%) 

























2.3.3 Olefin formation from sul fines 
The alkylidenation of sulfur dioxide to sulfines is 
accompanied by the formation of an alkene as a by-product 
when the reaction conditions are not chosen properly. A 
tentative explanation for this side reaction is depicted 
in scheme 2.2. Bis-f1uorenylidene was obtained from sulfine 
4a upon treatment with the ot-silyl carbanion derived from 
9-tri'methyl si lyl f 1 uorene. In a similar fashion the anion 
of 2^ a was brought into reaction with bi s-(p-methoxyphenyl )-
sulfine and bis-(p-tolyl )sulfi ne, respectively. In both 
cases the expected alkenes, vis. 9b and 9^c, were obtained. 
Treatment of the aforementioned sulfines 4p and 4q with the 
anion derived from 10-trimethyl si lyl xanthene 2^ b led 
similarly to the unsymmetri cal alkenes 9^ d and 9e, respect­
ively. In all cases the unsymmetrical alkenes were con­
taminated with a considerable amount of either bis-f1uorenyl-
idene or bis-xanthenyli dene. The origin of these contaminants 
is rather unclear. The anion of 9-trimethylsilylf1uorene 
reacted with mesityl(phenylthio)sul f ine to give 9-(mesityl-
methylene)fluorene (30%) instead of the expected olefin 9f. 
The mechanism of this deviating reaction is not clear. It 
may be suggested that after the initial attack of the 
a-silyl carbanion at the sulfine carbon atom, an elimination 
of a thiophenolate ion takes place. 
Several other types of a-silyl carbanions, e . g . 
[КСН5іМез] w i t h R b e i n 9 P h > P h s a n d COOEt, were treated 
under several conditions with sulfine 4^a. Although the 
expected alkenes could be spotted by TLC-analysis, their 
yields were negligible. Hence, this new olefin synthesis 
by alkyl idenation of sulfines has a limited scope and 
where successful, the yields are rather moderate (see Table 
2 . 3 ) . 
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TABLE 2.3: Alkenes from sul fines 
sul fine silyl compound alkene 
R1 R2 R 3 R 4 yield (%) 
4a Fl 2a Fl 9a 49 
4p p-MeOC6H4- p-MeOC6H4- 2a " 9b 56 
4q p-MeC 6H 4- p-MeCg^- 2a " 9c 
4p p-MeOC6H4- p-MeOC 6H 4- 2b 
4q p-MeC 6H 4- p-MeC 6H 4- 2b " 9e 
4o Ph-S- 2,4,6-Me3C6H2- 2a Fl 
40 
Xa 9d 34 
55 
9f 
Fl = ®α@ Xa = ^ у д ) 
2.4 EXPERIMENTAL SECTION 
Melting points were determined on a Kofler hotstage 
and are uncorrected. H-NMR spectra were recorded at 90 MHz 
with a Varian EM 300 instrument with TMS as internal standard. 
IR spectra were taken on a Perkin Elmer 257 Grating Spectro­
meter. The combustion analyses were performed in the Micro-
analytical Department of our laboratory by Mr J. Diersmann. 
Mass spectra were recorded on a Varian SM1B mass spectro­
meter or a Finnigan 3100 GC/MS. The n-BuLi used was a stock-
solution of 1.6 M in hexane. THF was distilled twice from 
CaHp, before use. 
Benzylsulfonyl morpholide \\\ 
To a solution of morpholine (4.0 g, 46 mmol) and tri-
ethylamine (6.5 g) in dry THF (100 ml) was added benzyl­
sulfonyl chloride (46 mmol) at 0°. After stirring for 3 hrs 
at room temperature the solution was poured into slightly 
acidic water. The water layer was extracted once with 
chloroform. The combined organic layers were dried with 
M g S 0 4 , the solvent was evaporated and the residue was 
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crystallized from ethanol. Yield 8.3 g (75%); IR (KBr): 
1155, 1343 (S02) cm"
1
; ^ -NMR (CDCI3): δ 3.00-3.25 (m, 4H, 
N-CH2), 3.45-3.77 (m, 4H, СН 2-0), 4.22 (s, 2Н, £H 2Ph) s 7.42 
(br.s, 5H, arom.); m.p. 172-172.5°; Caled, for (^H^SC^N 
(241.31): C, 54.75; H, 6.27; N, 5.80; found: С, 54.76, 
54.88; H, 6.10, 6.23; Ν, 5.59, 5.68. 
Ethylsulfonyl morpholïde _11 
The procedure as given for Vn was followed. Starting 
from 4.0 g (46 mmol) morpholine and 5.9 g (45 mmol) ethyl-
sulfonyl chloride resulted i η 5 g V\ (61%). Crystallization 
from ether gave pure crystals, m.p. 58-59°; IR (KBr): 1110, 
1150, 1322, 1340 (S02) cm"
1
; ^ -NMR (CDCI3): δ 1.37 (t, 3H, 
J = 7.2 Hz, -CH 2CH 3), 3.00 (q, 2H, J = 7.2 Hz, CH 2CH 3), 
3.17-3.40 (m, 4H, N-CH 2), 3.60-3.88 ppm (m, 4H, CH 2-0); 
Caled, for C 1 6H 1 3S0 2N (179.24): C, 40.31; H, 7.31; N, 7.81; 
S, 17.89; found: C, 40.61, 40.45; H, 7.33, 7.33; N, 7.64, 
7.37; S, 18.06, 18.09. 
2, 4,6-Trimeth.ylbenzyl phenyl sulfide \o 
To a solution of 2,4,6-trimethylbenzyl chloride (4.2 g, 
25 mmol) and thiophenol (2.7 g, 25 mmol) in chloroform 
(20 ml) was added at 0° tetrabutylammoni urn hydroxide (15 ml, 
1.5% in water). After stirring for 16 hrs at room temp­
erature the aqueous layer was extracted once with chloro­
form (30 ml) and then the combined organic layers with 
water (50 ml). After drying with MgSO, and evaporation of 
the solvent a crystalline white product was isolated (97%). 
Crystallization from ether/pentane gave the pure product, 
m.p. 70-72°; 1H-NMR (CDCI3): δ 2.23 (s, 3H, p-CHj), 2.32 
(s, 6H, 0-СН3), 4.10 (s, 2Н, CH 2-S), 6.82 (s, 2H, m - H ) , 
7.0-7.4 ppm (m, 5H, arom.); Caled, for C 1 6 H 1 8 S (242.38): 
C, 79.29; H, 7.49; found: С, 79.41; H, 7.13. 
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1O-TrimethyLsilyIxanthene Zb 
To a solution of xanthene (18.2 g, 0.1 mol) in dry THF 
(400 ml) under nitrogen was added at -78° 1.05 eq of n-BuLi. 
After stirring for 0.5 h at 0° an excess of Messici was 
added at -78°. The solution was poured into a saturated 
aqueous solution of NH^Cl after stirring for 2 hrs at room 
temperature. The organic layer was dried with MgSO. and 
concentrated. The crude product (95%) was crystallized 
from chloroform/pentane, m.p. 116-118°; IR (KBr): 850, 
1245 cm" 1 (-SiMe3); ^-NMR (CDC1 3): б 0.10 (s, 9H, SiMe-j), 
3.41 (s, IH, C-Η), 6.90-7.31 (m, 8H, arom.); Caled, for 
C 1 6 H 1 8 0 S i ( 2 5 4 · 4 0 ) : c' 75.54; Η, 7.13; found: С, 75.2; Η,7.1. 
a- (Trimethy IsilyUbenzyl phenyl sulfide 2c 
The procedure as given for 2b was followed. Starting 
from benzyl phenyl sulfide an oily product was obtained 
in 80% yield. IR (NaCl): 840, 1245, 1260 cm"1 (SiMe 3); 
^-NMR (СОСІз): 6 0.31 (s, 9H, S i l ^ ) , 3.91 (s, IH, CH), 
6.90-7.61 (m, Ю Н , arom. ). 
a-ÍTrime thy lsi ly Dbenzy I ayanide 2_g 
To a solution of n-BuLi (0.2 mol) and diisopropyl-
amine (0.2 mol) in dry THF (400 ml) under nitrogen, was 
added at 0° benzyl cyanide (23.5 g, 0.2 mol) and stirred 
for 18 hrs at room temperature. This solution was added at 
0° to a solution of МезЗіСІ (25 g, 0.22 mol) in dry THF 
(200 ml). After stirring for 24 hrs at room temperature 
the solution was poured into a saturated aqueous NH^Cl 
solution. The organic layer was separated, dried with 
MgS04 and concentrated. The crude product was destilled 
under reduced pressure. Yield 48"; b.p. 74-760/0.02 mm 
(lit. 2 1: 88o/0.1 mm). 
a-(Trime thylsilyDbenzylsuIfonyI morpholide 2h 
The procedure as given for 2^b was followed. Starting 
from 4.0 g (17 mmol) Ih 4.9 g (94%) of 2h was obtained 
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after crystallization from ether, m.p. 110-111°; IR (KBr): 
850, 1255 (SiMe 3); 1152, 1335 cm"
1
 (S0 2); ^-NMR (CDC1 3): 
δ 0.25 (s, 9H, ЗіМез), 2.60-3.37 (m, 4Н, CH 2-N), 3.38-3.67 
(m, 4H, СН 2-0), 4.03 (s, IH, CJHSif^), 7.40 (br.s, 5H, 
arom.); Caled, for C 1 4H 2 3S0 3NSi (313.50): С, 53.64; H, 7.40; 
Ν, 4.47; S, 10.23; found: С, 53.97, 54.03; H, 7.44, 7.37; 
Ν, 4.41, 4.36; S, 10.33, 10.22. 
ChloTO-^_-to ly Isul f onyl-trime thy l si ly Ime thane 2^i 
The procedure as given for 2^b was followed. Starting 
from 3.0 g (15 mmol) chioro-p-tolylsulfonylmethane 3.3 g 
(82%) of 2^ was obtained. Crystallization from ethanol 
gave pure product, m.p. 85.5-87.5°; IR (KBr): 855, 1251 
(SiMe 3); 1148, 1323 cm"
1
 (S0 2); ^-NMR (CDC1 3): δ 0.38 (s, 
9H, SiMe 3), 2.38 (s, ЗН, р-СН 3), 4.15 (s, IH, £HSiMe3), 
7.30 + 7.78 (ABq, 4H, J = 7.5 Hz, arom.); Caled, for 
C11H17ClS02Si (276.86): С, 47.72; H, 6.19; found: С, 48.22, 
48.48; H, 6.04, 6.15. 
1- (ц-ТоІуІви Ι fonyl) -1-trime thy Is гіу l e thane 2_j 
The procedure as given for 2^b was followed. Starting 
from 3.0 g (16.3 mmol) p-tolylsulfonylethane 3.2 g (76%) 
of ¡y was obtained. Crystallization from ethanol gave the 
pure compound, m.p. 56-57°; IR (KBr): 845, 1246 (SiMe3); 
1140, 1300 cm"1 (S0 2); ^-NMR (CDC13): δ 0.30 (s, 9H, ЗіМез), 
1.15 [d, ЗН, J = 7 Hz, CH(Me)], 2.40 (s, ЗН, р-СН 3), 2.57 
[q, IH, J = 7 Hz, £H(Me)], 7.23 + 7.67 (ABq, 4Н, J = 7.5 
Hz, arom.); Caled, for C 1 2H 2 0S0 2Si (256.44): С, 56.20; 
H, 7.86; found: С, 56.36, 56.53; H, 8.06, 7.96. 
Chiaro-(trimethyIsilyDmethyIsulfonyl morpholide 2k 
The procedure as given for 2Ь was followed. Starting 
from 1.5 g (7.5 mmol) chloromethylsulfonyl morpholide 1.7 g 
(84%) of 2^k was obtained. Crystallization from ether/hexane 
gave the crystalline compound, m.p. 72.0-73.5°; IR (KBr): 
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852, 1260 (SiMe 3); 1111, 1160, 1329, 1340 cm
- 1
 (S0 2); 
^-NMR (CDC1 3): δ 0.30 (s, 9H, ЗіМез), 3.33-3.55 (m, 4Н, 
N-CH 2), 3.65-3.80 (m, 4H, CH 2-0), 4.33 (s, IH, Cl-CH); 
Caled, for C 8H 1 8S0 3NClSi (271.84): C, 35.35; H, 6.67; N, 
5.15; found: С, 35.30, 35.09; H, 6.59, 6.55; Ν, 5.08, 5.22. 
1- (TvLmethy Isi ly Det hy l-1-sulfonyl morpholide 2^1 
The procedure as given for 2b was followed. Starting 
from 2.0 g (13.9 mmol) ethyl sulfonyl morpholide 3.1 g (88%) 
of 2_1 was obtained. Crystallization from ether gave the 
crystalline compound, m.p. 47-48°; IR (KBr): 845, 1260 
(SiMe 3); 1110, 1140, 1320» 1336 cm"
1
 (S0 2); ^-NMR (CDC1 3): 
δ 0.15 (s, 9H, SiMe 3), 1.28 [d, 3H, J = 7 Hz, CH(Me)],2.68 
[q, IH, J = 7 Hz, CH(Me)], 3.13-3.38 (m, 4H, N-CH 2), 
3.55-3.83 (m, 4H, CH2-0)·, Caled, for C 9H 2 1S0 3NSi (251.43): 
С, 42.99; H, 8.42; Ν, 5.57; found: С, 43.33, 43.35; Η, 8.33, 
8.42; Ν, 5.46, 5.52. 
l-Chloro-2-phenyl-l-trimethylsilylethane 2m 
To a solution of chioromethyltrimethylsi 1ane (10 g, 
0.081 mol) and tetramethylethylenediami ne (18.6 g, 0.160 
mol) in dry THF (100 ml) 1.1 equiv. of see-BuLi was added 
at -78° under nitrogen. After stirring for 1.5 hrs at 
-78° 1.05 equiv. of benzyl bromide (14.5 g, 0.085 mol) was 
added. Stirring was continued at room temperature for 
2 hrs. The organic layer was poured into a saturated 
aqueous NH«C1 solution and dried with MgSO^. Evaporation 
of the solvents gave the crude product which was distilled 
under reduced pressure, b.p. 840/2 mm, colourless oil 
(yield 60%); IR (NaCl): 840, 1250 cm"1 (SiMe 3); ^-NMR 
(CDC1 3): δ 0.20 (s, 9H, SiMea), 2.77-3.67 (m, 3H, CHCl, 
CH 2Ph), 7.30 (s, 5H, arom.). 
1-Pheny Ithi o-l-trime thy Isily le thane 2_n 
To a solution of phenylthio-trimethyl silylmethane 
(3.5 g, 0.018 mol) in dry THF 1.1 equiv. of n-BuLi was 
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added at -78° under nitrogen. After stirring for 2 hrs at 
room temperature an excess of methyl iodide was added at 
-78°. After raising the temperature to 25°, the reaction 
mixture was poured into a saturated aqueous NH.C1 solution. 
The organic layer was dried with MgSO^ and concentrated, 
yield 3.4 g (90%). Purification was performed by distillat­
ion ,(kugelrohr)(60 o/0.5 m m ) . IR (NaCl): 840, 1250 cm" 1; 
^ - N M R (CDCI3): δ 0.22 (s, 9H, S i M e 3 ) , 1.35 (d, 3H, J = 
7.5 Hz, CHC_H 3), 2.62 (q, IH, J = 7.5 Hz, £ H C H 3 ) , 7.10-7.47 
(m, 5H, arom.); MS: m/e 210.0921 ( M + ) ; Caled, for C j ^ ^ S S i : 
210.0898. 
α- ( T r i m e t h y l s i l y l ) - 2 , 4 , 6-trimethyIbenzyI phenyl sulfide 2o 
The procedure as given for 2b was followed. Starting 
from 3.9 g (16 mmol) ^о 1.95 g (62%) of 2o was obtained, 
after chromatography (silica gel, hexane) as a colourless 
oil. IR (NaCl): 841, 1251 cm" 1 ( S i M e 3 ) ; ^ - N M R (CDCI3): 
δ 0.15 (s, 9H, 5іМез), 1.93 (s, ЗН, - С Н 3 ) , 2.15 (s, ЗН, 
-СНз), 2.47 (s, ЗН, - С Н з ) , 4.05 (s, IH, £ H S i M e 3 ) , 6.63 
(s, IH, m - H ) , 6.75 (s, IH, m - H ) , 7.05 (m, 5H, arom.). 
Fluorenethione S_-oxide A_a 
То a solution of f1uorene '(1.7 g, 10 mmol) in THF 
(50 ml) under nitrogen was added 1 equiv. of w-BuLi at -78°. 
After stirring for 0.5 h at room temperature one equiv. 
of trimethylsilyl chloride (1.1 g) was added at -78°. 
After stirring for 0.5 h at room temperature again 1.0 
equiv. of n-BuLi was added at -78°. This solution of the 
α-silyl carbanion was added to an excess of SOo dissolved 
in THF (10 ml) at -78°. After stirring at room temperature 
for 1 h the solution was poured in a saturated aqueous 
NH4CI solution. The organic layer was separated, dried 
with MgSO/j and concentrated. The crude sulfine was purified 
by chromatography (silica gel, benzene). Yield 75%; m.p. 
111-112° (lit. : 111°). The spectroscopic data were in 
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agreement with those reported in the l i t e r a t u r e 1 7 . When was 
started with the isolated 9-trimethyl silyl-fiuorene 2a the 
yield of sulfine 4a amounted to 80%. 
Xanthenethvone S-oxbde 4_b 
The procedure given for 4a was followed. Yield 75%; 
m.p. 137-141°. The spectroscopic data were in agreement 
with those reported in the l i t e r a t u r e 1 7 . When the isolated 
10-trimethylsilylxanthene 2b was used as starting material 
the yield of 4b was 80%. 
Phenyl(phenylthio)sulfrne 4c 
The procedure given for 4a was followed. The sulfine 
was purified by chromatography (silica gel, chloroform). 
The total yield was 55% (E/Z ratio: 2 : 3 ) . When was started 
with silyl compound 2_c the total yield was 60%. The spectros­
copic data were in agreement with those reported in the 
11terature 2 2. 
PhenyKphenylsulfonyDsulfvne 4d 
The procedure as given for 4^ a was followed. Crystallizat­
ion from chioroform/ether/pentane gave the pure ff-isomer 
in 70% yield; m.p. 150-152°. The spectroscopic data were in 
agreement with those reported in the l i t e r a t u r e 2 2 . 
Във(phenyIthbo)зиIfine 4e 
The procedure as given for 4a was followed. The crude 
sulfine was purified by chromatography (silica gel, chloro­
for m ) . Crystallization from chioroform/ether/pentane gave 
the pure product. Yield 80%; m.p. 64.5-65.5°. The spectros­
copic data were in agreement with those reported in the 
11terature 2 э. 
Trzmethylenetrzthiocarbonate Ыггопо-охгае 4_f 
The procedure for this sulfine was the same as for 
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sulfine £a, except that the first deprotonation step was 
carried out in the presence of tetramethylethylenediami ne 
(one equiv.)· T h e crude sulfine was purified by chromatography 
(silica gel, chloroform). The purified sulfine was crystallized 
from chloroform/ether/petroleum ether (60-80). Yield 40%; 
m.p. 44-45°; IR (KBr): 1000, 1095 cm" 1 (CS0); MS: m/e 166 
( M + ) ; Caled, for C 4 H 6 S 3 0 (166.27): C, 28.89; H, 3.64; found: 
C, 29.7; H, 3.7. When isolated 2/ was used as starting 
material the yield was 60%. 
Cyano (phenyl ) sul fine 4_g 
The procedure as given for 4^ a was followed. The crude 
sulfine was purified by chromatography (silica gel, C H ^ C K ) . 
The yield, after crystallization from tetra/hexane, was 20% 
(m.p. 69.5-70°). The spectroscopic data were in accordance 
with those reported in the literature 2". When was started 
with isolated 2^ g the yield was 41%. 
Phenyl (morpholino-Nj-su If any I) sulfine 4_h 
The procedure as given for 4a was followed starting 
from the isolated silyl compound 2^ h. Starting from 1.5 g 
of 2_h (4.8 mmol) 1.10 g (80%) of sulfine 4h was obtained 
after crystallization from chloroform/ether/hexane. M.p. 
85-87°; IR (KBr): 1128, 1158, 1351 ( S 0 2 ) ; 1074 c m
- 1
 (CS0); 
^ - N M R (CDC1 3): δ 2.92-3.15 (m, 4H, N - C H 2 ) , 3.43-3.67 (m, 
4H, С Н 2 - 0 ) , 7.38-7.80 (m, 5Н, arom.); Caled, for ( ^ H ^ N S 2 0 3 
(287.36): C, 45.98; H, 4.56; N, 4.87; found: C, 45.53, 
45.82; H, 4.59, 4.55; N, 4.78, 4.77. 
Ζ,6-Dihydro-435-dimethyl-2,2-di(phenylthio)-2H-thiapyran-l-
oxide 5e 
A solution of sulfine 4e (0.83 g, 3.0 mmol) and 2,3-
dimethyl-1,3-butadiene (8 ml) was stirred during 2 weeks 
in the dark at room temperature. After evaporation of 
excess of dimethyl butadiene and purification by chroma-
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tography (silica gel, ether) 5^e (780 mg) was obtained 
(72°/). Crystallization from di chi oromethane/ether/péntane 
gave the pure compound, m.p. 106-109° (dec.)· IR (KBr): 
1045 cm"1 (SO); 1H-NMR (CDC13): б 1.30 (br.s, 3H, - C H 3 ) , 
1.64 (br.s, 3H, - C H 3 ) , 2.18 + 2.68 (ABq, 2H, J = 18 Hz, 
C_H2-C(SPh)2), 3.62 + 3.89 (ABq, 2H, J = 17 Hz, СН 2-5 = 0 ) , 
7.27-7.48 (m, 6H, arom.), 7.48-7.88 (m, 4H, arom.); Caled. 




A solution of sulfine 5^h (400 mg, 1.39 mmol) in CHC1 3 
(5 ml) and an excess 2,3-dimethyl-1,3-butadiene was stirred 
at room temperature during one week. Evaporation of excess 
2,3-dimethyl-1,3-butadiene and subsequently crystallization 
from ether/hexane gave ^h in 92% yield, m.p. 149-151°; IR 
(KBr): 1060 (SO); 1141, 1320, 1335 cm - 1 (S0 2); ^-NMR (CDC13) 
δ 1.53 (br.s, 3H, C H 3 ) , 1.77 (br.s, 3H, C H 3 ) , 7.27-7.51 
(m, 3H, arom.), 7.70-8.00 (m, 2H, arom.), 2.83-3.70 (m, 12H, 
remaining protons); Caled, for C, 7H ?,NS ?0. (369.50): C, 
55.26; H, 6.27; N, 3.79; S, 17.36; found: C, 55.05, 55.11; 
H, 6.40, 6.29; N, 3.85, 3.80; S, 17.58, 17.23. 
2-Chloro-3, 6-dihydro-4 , 5-dime thy I-2- (p_-tolylsulfony I) -2H-
thiapyran-l-oxide 5^i (route a) 
To a solution of ^ i (1.02 g, 3.7 mmol) in THF (30 ml) 
was added under nitrogen 1.1 equiv. of n-BuLi. After stirring 
for 1 h at -78 this reaction mixture was added to an excess 
of sulfur dioxide in THF (10 ml). At room temperature an 
excess of 2 , 3-dimethyl-1,3-butadiene was added and then 
the mixture was stirred overnight. The solution was poured 
into a saturated aqueous NH.C1 solution, the organic layer 
was separated, dried with MgSO, and concentrated. The crude 
product was purified by chromatography (silica gel, ethyl 
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acetate/ether) and crystallized from chloroform/ether. 
Yield 0.86 g (70%), m.p. 153-154° IR (KBr): 1078 (SO); 
1150, 1323 cm - 1 ( S 0 2 ) ; ^ - N M R (CDC1 3): 6 1.75 (br.s, 6H, 
2x C H 3 ) , 2.43 (s, 3H, p - C H 3 ) , 2.77-3.70 (m, 4H, CH 2-S=0 and 
CH 2-C-C1), 7.33 + 7.93 (ABq, 4H, J = 7.5 Hz, arom.); Caled. 
for C 1 4 H 1 7 S 2 0 3 C 1 (332.87): C, 50.52; H, 5.15; S, 19.27; 
found: C, 50.51, 50.64; H, 5.22, 5.02; S, 18.88, 19.14. 
Route b: The procedure given for route a was followed. 
Instead of adding an excess 2,3-dimethyl-1,3-butadiene, 
1.2 equiv. of trimethylsilyl chloride was added at room 
temperature. After stirring for 0.5 h the solvent was 
evaporated and the residue was redissolved in dry diethyl 
ether. Insoluble LiCl was filtered off and the filtrate 
concentrated. The residue, being the sulfine was treated 
with stirring, with an excess of 2,3-dimethyl-1,3-butadiene 
overnight. The crude product was purified by chromatography 
(silica gel, ethyl acetate/ether). Yield 33%. The yields 
of cycloadducts via this route b are lower than those via 
route a mainly due to partial decomposition of the sulfines 
by traces of water to the corresponding methylene compounds 2 0 
(actually being starting material, in some cases recovered 
up to 50% ) . Also some brownish unidentified material was 
produced. 
3, 6-Dihydro-2, 4, 5-trimethy l-2-{]¿-tolylsulfonyl)-2H-thia-
pyvan-1-oxide 5j 
The procedure given for 5^i was fol 1 owed. Starti ng from 
2j (1.0 g, 3.9 mmol) 0.9 g (74%) of 5j was isolated after 
chromatography. Crystallization from ether gave the pure 
compound, m.p. 78-79.5°; IR (KBr): 1060 (SO); 1148, 1300, 
1310 cm"1 ( S 0 2 ) ; ^ - N M R (CDC1 3): 6 1.42 (s, 3H, S 0 2 C C H 3 ) , 
1.78 (br.s, 6H, 2хСНз), 2.43 (s, ЗН, p - C H 3 ) , 2.50 + 2.83 
(ABq, 2Н, J = 18 Hz), 3.38 (br.s, 2 H ) , 7.38 + 7.83 (ABq, 4H, 
J = 7.5 Hz, arom.); Caled, for C 1 5 H 2 0 S 2 0 3 (312.45): C, 
57.66; H, 6.45; found: С, 57.81, 57.58; H, 6.45, 6.55. When 
route b was followed the yield of the cycloadduct was 16%. 
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2-Chloro-3, 6-dbhydro-41 5-dimethyl-2- ( morpho l ino-Ц-sul forty l ) -
2H-thiapyran-l-oxide 5k 
The procedure as given for ^ і was followed. Starting 
from 0.6 g (2.2 mmol) 2k 0.55 g (76%) of 5k was isolated. 
Crystallization from ether gave the pure compound, т.о. 
143-145°; IR (KBr): 1068 (SO); 1135, 1340 cm"1 (S0 2); 
^-NMR (CDC1 3): δ 1.73 (s, ЗН, CH3), 1.77 (s, ЗН, CH3), 
2.83-3.90 (m, 12H, remaining protons); Caled, for 
C 1 1 H 1 8 S 2 0 4 N C 1 ( 3 2 7 · 8 5 ) : c' 40.30; Η, 5.53; Ν, 4.27; found: 
С, 40.79, 40.85; Η, 5.54, 5.54; Ν, 4.11, 4.18. When route b 
was followed the yield of 5^k was 50%. 
3,6-Dihydro-2j4, S-trimethyl-2-(morpholino-Tl·-sulfonyI)-2H-
thiapyran-l-oxide b\ 
The procedure as given for J5i was followed. Starting 
from 1.5 g (5.98 mmol) 2^1 0.45 g (25%) of 51 was isolated. 
Crystallization from ether/hexane gave the pure compound, 
m.p. 94-95°; IR (KBr): 1043 (SO); 1110, 1160, 1324, 1340 
cm"
1
 (S0 2); ^-NMR (CDC1 3): δ 1.53 (s, ЗН, C H 3 ) , 1.75 (br.s, 
6Н, 2хСН 3), 2.23-3.73 (m, Ю Н , remaining protons). 
General procedure for the synthesis of the alkenes 9^ a-e 
To a solution of 2 mmol of 9-trimethylsilylf 1uorene (or 
10-trimethylsilylxanthene) in THF (50 ml) was added 2 mmol 
of n-BuLi at -78° under nitrogen. After stirring for 1 h 
at room temperature, the solution of the anion was added 
to 2 mmol of sulfine dissolved in THF (10 ml) at -78°. 
After stirring for 4 hrs at room temperature the reaction 
mixture was poured into a saturated aqueous NH.Cl solution. 
The organic layer was separated, dried with MgSO. and 
concentrated. After chromatography (silica gel, hexane/ 
diisopropyl ether) the alkenes 9^ a-e were crystallized from 
n-hexane/diisopropyl ether. 
9^a : see ref. 25 for its characteristics. 
9b: m.p. 148.5-150°; ^-NMR (CDC1 3): δ 3.83 (s, 6H, 0CH 3), 
6.70-7.80 (m, 16Н, arom.); MS: m/e 390 ( M + ) ; Caled, for 
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C28 H22 02 ( 3 9 0 · 4 8 ) : c> 86.13; Η, 5.68; found: С, 85.90; Η, 
5.70. 
9с: m.p. 131-134°; 1H-NMR (CDC1 3): δ 2.38 (s, 6H, p-CHj), 
6.63-7.70 (m, 16H, arom.); MS: m/e 358 (M + ) ; Caled, for 
C 2 8 H 2 2 (358.48): С, 93.81; H, 6.19; found: С, 93.82; H, 6.21. 
9d: m.p. 184.5-185°; ^-NMR (CDC1 3): δ 3.75 (s, 6H, 0CH 3), 
6.50-7.27 (m, 16H, arom.); MS: m/e 406 (M +). 
9e: m.p. 188-189°; ^-NMR (CDC1 3): δ 2.27 (s, 6H, - C H 3 ) , 
6.53-7.30 (m, 16H, arom.); MS: m/e 374 (M +); Caled, for 
C 2 8 H 2 2 0 (374.48): С, 89.91; H, 5.92; found: С, 89.14; N,5.89. 
9-(Me s гtyIme thylene)fluovene 
To a solution of 9-trimethylsilylf1uorene (1.5 g, 6.3 
mmol) in THF (50 ml) 1.1 equiv. of и-BuLi was added under 
nitrogen at -78°. After stirring for 0.5 h at -78° the 
anion of 2^a was added to a solution of mesi tyl (phenyl thio )-
sulfine (1.8 g, 6.2 mmol) in THF (25 ml) at -78°. Stirring 
was continued for 2 h at room temperature and the reaction 
mixture was poured into a saturated aqueous NH.C1 solution. 
After drying of the organic layer with MgSO« the solution 
was concentrated and the residue was purified by chrom­
atography (silica gel, n-hexane). Crystallization of one 
of the fractions gave a pure compound. Yield 0.56 g (30%); 
m.p. 114.5-116°; IR (KBr): 1420 cm"1; ^ -NMR (CDC1 3): 
δ 2.13 (s, 6H, 2xo-CH 3), 2.30 (s, ЗН, р-СН 3), 6.60-7.80 
(m, 13Н, arom.); MS: m/e 296 (M +); Caled, for C 2 3 H 2 0 
(296.413): С, 93.20; H, 6.80; found: С, 92.89, 92.90; 
H, 6.93, 6.90. 
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C H A P T E R 3 
SYNTHESIS OF THIONE S-IMIDES BY ALKYLIDENATION 
OF SULFINYLANILINES AND IMINATION OF SULFINES 
3. 1 ABSTRACT 
Thione S-imides 3 have been synthesized by alkylidenat-
ion of tf-sulfinylami nes _1 using a-trimethylsilyl carbanions 
2^ . Imination of sulfines 4 by means of anions of trimethyl-
silylamines 5^  also led to thione S-imides 2· It w a s found 
to be essential that in these syntheses the thione s-imides 
are substituted with sterically filled groups. The de-
imination of some thione s-imides 3 by phosphorous penta-
sulfide or by thiophosphoryl bromide is also described. 
3.2 INTRODUCTION 
Alkyli denati on of sulfur dioxide using a-silyl carb-
anions constitutes a new and convenient route to su l f i n e s 1 ' 2 
(thione s-oxides) (scheme 3.1, reaction a ) . Sul finylami nes 
can be prepared in an analogous manner by imination of 
sulfur dioxide using anions of silyl amines (scheme 3.1, 
reaction b^ ) [cf. scheme 1.11). 3 During the synthesis of 
sulfines following this modified Peterson reaction, it was 
found to be essential that the a-silyl carbanion is added 
to an excess of sulfur dioxide in order to avoid the 
formation of an olefin as a by-product. 2'' 1 E.g., the 
preparation of f1uorenethione s-oxide is accompanied by 
the formation of some bis-f1uorenyli dene 2>" {of. Chapter 2 ) . 
Probably, this side reaction involves the reaction of the 
a-silyl carbanion with already formed sulfine to give a 
thione S-ylid. This heterocumulene is known to be very 
unstable and loses sulfur readily to give an olefin (scheme 
3.1, reaction c ) . 2 ' 1 * In fact, this al kyl i denati on of 
sulfines represents a new entry to thione S-ylids (Chapter 2 ) . 
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sulfinylamme thione S-imide 
Extrapolation of these findings leads to the proposal 
that imination of sulfines with anions of silyl amines 
potentially forms a route to thione S-imides. Alternatively, 
the formation of these thione s-imides can be envisaged 
via alkylidenation of sul finylamines by means of a-silyl 
carbanions. Both suggested methods of preparation of thione 
S-imides are incorporated in scheme 3.1 in a retrosynthetiс 
fashion (reactions d^  and e, respectively). This chapter 
deals with the results obtained with these both approaches. 
The synthesis of thione S-imides has attracted consider­
able attention in the recent literature. Oae et а 1 . ъ 
reported for the first time the isolation of these sulfur-
centered heterocumulenes. These authors obtained remarkably 
stable thione S-tosyli mi des by treatment of 1,2-dithiole 
3-thiones with chloramine-T. 6 As shown by Wentrup et al.7 
reaction of these thiones with ff-chlorobenzamide followed 
by base, leads to the corresponding S-benzoylimi des. The 
stability of these 1,2-dithiole 3-thione S-imides was 
attributed to the presence of the Sir-electron system in 
trithiones. 5 In accordance herewith is the fact that Campbell 
et al.9 were unable to prepare thione S-imides from aliphatic 
or aromatic thiones by reaction with chloramine-T. Interest­
ingly, however, stable S-tosylimi des can be obtained from 
dithiobenzoates and chloramine-T provided that the substrates 
are sufficiently sterically hindered. 9 Burgess et al.10 
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prepared f 1uorenethione S-benzoylimi de in solution by a 
1,3-dehydrohalogenation of an a-chloro sulfenamide. In a 
similar manner Senning et al.11 obtained the thermally 
stable 5-t-butylimides RSC^C(SPh)=S=N-t-Bu. Crossland 1 2 
synthesized an α-οχο thione s-imide using the 1,3-dehydro-
chlorination method. Reasonably stable f1uorenethione 
5-tosylimi des were prepared by Saito and Motoki 1 3 using a 
Wittig-type reaction of phosphoniumf1uorenyli des with 
W-sul finyl-p-toluenesulfonami de. 
3.3 RESULTS AND DISCUSSION 
3.3.1 Alkylidenation of sulfinylanilines 
As indicated in scheme 3.2 thione S-imides are the 
predicted products from the reaction of sul finylami nes and 
scheme 3.2 




^ - N = 5 ^ / Si Мез 
Rz R3 
R2. / - R i 
α-silyl carbanions. From thione s-imides it is known that 
their stability is enhanced by sterne congestion. 9 There­
fore, sulfinylanilines were selected having two ortho-t-
butyl substituents. Treatment of 2,4,6-tri-t-butyl-N-
sulfinylani 1 ine (^а) with the anion of 9-trimethyl si lyl-
fluorene (2^a) indeed resulted in the formation of thione 
S-imide 3a in good yield. Similarly, the anion of 10-tri-
methylsilylxanthene gave S-imide 3c. The importance of 
steric hindrance was strikingly demonstrated when 2,4-di-t-
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TABLE 3 . 1 : Thione S - i m i d e s υία a l k y l i d e n a t i o n of s u l f i n y l · 
ami nes 
§ 5 Е Г Я [ ! 2 _ 5 ) Ё 5 Ё ! Г І Ё І 5 product 
yield(%) 
_la 2,4,6-(í.-Bu) 3C 6H 2 2a 
\Ъ 2 - M e - 4 , 6 - ( t - B u ) 2 C 6 H 2 2a 
le 2,4,б-(*-Ви)зС 6Н 2 2b 









butyl-6-methyl-tf-sulf inylani 1 i ne was subjected to alkylidenat-
ion with anion 2^ a. We were unable to isolate the desired 
thione S-imide. Attempts were also made to introduce steric 
crowding around the anionic carbon atom. However, the 
methine proton in 2,4,6-Me 3C 6H 2CH(SPh)5іМез is sterically 
shielded to such an extent that strong bases like n-BuLi , 
NaH and t-BuLi are unable to accomplish its abstraction. 
It should be noted that the anticipated thione S-imide 2f 
(table 3.2) which is derived from this anion and the sulfinyl-
amine \p enjoys suff i ei ent stability for isolation {vide 
i n f r a ) . Reaction of /V-sul f inyl -p-tol uenesul fonami de with 
anion 2^ a does not yield thione S-imide 2à. It is remarkable 
that this Peterson alkylidenation of this sul finylami de is 
unsuccessful whereas the analogous Wittig olefination leads 
to the expected thione s-imide, as was shown by Saito et α ϊ . 1 1 
The results of the synthesis of thione s-imides are compiled 
in tabi e 3.1. 
3.3.2 Imination of sul fines 
As outlined in the introduction an alternative approach 
to thione S-imides consists of an imination of sulfines. 
To ensure sufficient stability of the products, sterically 
hindered sulfines and amine compounds were selected. The 
41 
anion of /v-trimethyl si lyl -2 ,4 ,6-trimethy 1 ani 1 ine 5^ a smoothly 
reacted with sulfine 4a to give the predicted s-imide 3e 
(scheme 3.3, table 3 . 2 ) . The same sulfine was also treated 
s c h e m e 3 . 3 
RB' 
4 // e 
) = S + R6-N-SiMe3 
0 
R5 
К //""б H 
3 (E & Z ) 
with a series of other sterically hindered amine anions 
( 5 b - e ) . In a similar fashion five other sulfines (4·ο-ί) 
were converted into thione 5-imides upon reaction with a 
selection of the above mentioned sul finylami nes. The thione 
S-imides obtained are compiled in table 3.2. It was found 
that an increase of steric crowding gave rise to an 
increased reaction time and a decreased yield. In order 
to shorten the reaction time an excess of amine anion was 
employed. The experimental conditions for t-butylamine 
as the amine component needed to be modified to enable 
the isolation of the rather unstable products 3^ a n d 1· 
After the reaction of amine anion 5e with sulfines 4a and 
b was completed, one equivalent of trimethylsilyl chloride 
was added to convert MejSiOLi into volatile hexamethyl-
disiloxane and LiCl (this is practically insoluble in ether 
and thus, can be removed by filtration; THF cannot be used 
as solvent because LiCl dissolves p a r t i a l l y ) . The amine 
anion 5^ c does react with f 1 uorenyl i denesul f ine 4 g , however, 
the expected S-imide 3u is probably too unstable to allow 
its isolation. From the results in table 3.2 it follows that 
this imination route can be used for the preparation of a 
variety of thione S-imides provided that the conditions of 
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sufficient steric hindrance is fulfilled. 
Thione s-imides can be considered as derivatives of 
sulfur dioxide and therefore their structure is predicted 
to be non-linear. 9 As a consequence, geometrical isomers 
may be expected for thione 5-imides bearing unequal 
substituents at the carbon atom. The existence of stable 
E- and Z-isomers was demonstrated previously for the thione 
5-tosylimi des derived from 2,4>6-trimethyldithiobenzoates. 9 
For the compounds 3e-] only one isomer was isolated as is 
indicated by their ^H-NMR spectra. However, the geometrical 
configuration (E or z) could not be established by means 
of ASIS experiments or NMR shift reagents due to the lack 
of the other isomer. For the products 3m~ 0 a mixture of 
both isomers was obtained. Attempts to separate these isomers 
either by chromatography or by crystallization, failed, 
probably because of an easy interconversion at room temp­
erature. The compounds 3q~ s were isolated as a mixture of 
isomers after chromatography, however, on standing one of 
the isomers crystallized. Product 3r was assigned the E-
geometry on the basis of the low field absorption of the 
ortTzo-ρ rotons of the phenyl ring resulting from the aniso­
tropic deshielding effect of the S=NR moiety in the syn-
position. For the crystallized isomers of 3q,s no deshielding 
effect was observed for the ortfco-protons of the phenyl 
ring, implying that these isomers possess the Z-geometry. 
The thione 5-imides 3 all show considerable steric 
crowding. As a consequence thereof they are chemically not 
very reactive. In attempts to accomplish reactions with 
2 ,3-dimethyl- 1,3-butadiene and cyclopentadiene, reagents 
that do react with less hindered s u b s t r a t e s 1 0 * l 3, gave 
recovery of unchanged thione S-imides in all cases. 
44 
3.3.3 De-гтъпаігоп of thione S-imides 
Prompted by the successful application of phosphorus 
pentasulfide and thiophosphoryl bromide for the reduction 
of s u l f o x i d e s 1 " , sul fi 1 imi d e s 1 ч , selenoxides 1 ^  and s u l f i n e s 1 6 
to the corresponding sulfides and thiones, we attempted 
to extend the scope of these useful reagents for the de-
imination of thione s-imides. Reaction of thione s-imides 
3e,g,p with 0.5 equiv. of phosphorus pentasulfide (method 
a) or one equiv. of phosphoryl bromide (method b) indeed 
gave the expected dithioesters 7_a and b (table 3 . 3 ) . 
TABLE 3.3: De-imination of thione s-imides with PnSg 
(method a) and PSBr 3 (method b) 
Thione s-imide QÍ£t!Í°E!ÍEÍ 
method_a !DËÎ!]9^.^ 
yield(%) rt*(h) yield(%) rt*(h) 
3e ®-s~ -©-~- -©-" Ia 
3g " " © - ^ Za 
3p ^ - s ~ " _ ¿ _ 7b 
3v ® - s — " -^-зо2~7а 














0 . 5 
0 . 5 
0 . 5 
0 . 5 
0 . 5 
'rt reaction time 
Reaction of thione S-imides 3v and w with one equiv. of 
thiophosphoryl bromide or 0.5 equiv. of phosphorus penta­
sulfide gave only partly reduction of the thione S-imide 
to the corresponding thione compound. However, the use of 
3 equiv. of thiophosphoryl bromide or 1.5 equiv. of 
phosphorus pentasulfide gave complete de-imination of Зч 
and w. A possible mechanism for the reduction with thio­
phosphoryl bromide is depicted in scheme 3.4. Probably 
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the de-imination reaction proceeds through the inter­
me di асу of thiosulfine 6, analogous to thiosulfine and 
thiosulfoxide, proposed earlier as a short-lived inter­
mediate in the sulfine and sulfoxide deoxygenation'^*' 6, 
respectively. At first an adduct is formed. This could be 
demonstrated by performing the reaction at low temperature. 
After the addition of thiophosphoryl bromide to thione 
S-imide, the starting thione S-imide disappeared instant­
aneously as was indicated by TLC, however, the dithioester 
was only partly formed. Upon addition of a saturated 
N a H C 0 3 solution to the reaction mixture at low temperature 
both the thione S-imide 3 and the expected dithioester _7 
could be isolated. Attempts to isolate the proposed adduct 
or thiosulfine failed. 
As a concluding remark it can be stated that thio­
phosphoryl bromide and phosphorus pentasulfide are good 
agents for reducing thione s-imides to their corresponding 
thiocarbonyl compounds. 
3.4 EXPERIMENTAL SECTION 
Melting points were determined on a Reichert hot 
stage microscope and are uncorrected. ^H-NMR spectra were 
recorded on a Varian E-390 spectrometer using TMS as 
internal standard. IR spectra were recorded on a Perkin-
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Elmer 257 Grating Spectrophotometer. Mass spectra were 
obtained with a Varían MAT SM2B mass spectrometer. Elemental 
analyses were performed by Mr. J. Diersmann (Microanalytical 
Department of our University). UV spectra were recorded on 
a Perkin-Elmer 555 spectrophotometer. THF and diethyl ether 
were destilled twice over CaHo. The starting sulfines 1, 
tf-trimethyl si lyl amines 3 and tf-sulfinylamines3 were prepared 
as described in the literature. All reactions were carried 
out under nitrogen. The n-BuLi used was a stocksol ution of 
1.6 M in hexane. 
Fluorenethione S_-2, 4 , 6-tri (t-buty I )pheny Umide ( За ) 
To a solution of 9-trimethylsilylf 1uorene (5 mmol) in THF 
(40 ml) was added 1.10 equiv. of n-BuLi at -78 0C. After 
stirring for 1 h at room temperature the thus-obtained 
solution was added to a solution of sul finylami ne ^а (5 
mmol) in THF (30 ml) at -78°. After stirring for 1 h at 
room temperature the reaction mixture was poured into a 
saturated aqueous solution of ammonium chloride. The organic 
layer was dried ( M g S O ^ and then concentrated. The remaining 
dark red oil crystallized on standing. Analytically pure 
product Ъй was obtained by careful washing with di-isopropyl 
ether, m.p. 141-143°; IR (KBr): 954 cm" 1 (C=S=N); ^ - N M R 
(CDCI3): б 1.37 (s, 9H, P - C 4 H 9 ) , 1.46 (s, 18H, o-C^Hg), 
7 Л 0 - 7 . 8 0 (m, 9H, aronu), 8.90-9.05 (m, IH, arom.); 
UV (CH,0H): λ„,„ 430 nm (log ε 4.36); MS: m/e 455 ( M + ) ; 
О Шал 
Anal, caled, for C 3 1 H 3 7 S N : С, 81.71; Η, 8.18; Ν, 3.07; 
found: С, 80.54; Η, 8.21; Ν, 3.06. 
Xanthene Sj-2, 416-tvi( t_-butyl)phenylimide 3c 
This compound was prepared following the procedure as 
described for 3a starting from 10-trimethylsilylxanthene 
(5 mmol), m.p. 108-110°; IR (KBr): 920, 932 cm" 1 (C=S=N); 
^ - N M R (CDCI3): 6 1.37 (s, 9H, p - C 4 H 9 ) , 1.47 (s, 18H, 
o - C . H q ) , 6.80-7.50 (m, 9H, arom.), 9.90-10.10 (m, IH, arom.); 
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UV (CH^OH): λ ,„ 470 nm (log с 4.14); MS: m/e 439 (M+-.S); 
Anal, caled, for C 3 1H 3 7SN0: С, 78.93; Η, 7.91; Ν, 2.97; 
found: С, 78.89; Η, 8.10; Ν, 2.84. 
General procedure for thione S_-imides 3e, f,g, h, j , к
л
т} η, ο, ρ, 
To a solution of ^-trimethyl silylani 1 i ne (equiv., see table 
3.2) in THF (30 ml) was added 10% excess of n-BuLi at 0°. 
After stirring for 1 h at room temperature the resulting 
solution was gradually siphoned into a solution of sulfine 
4 (3 mmol) in THF (30 ml) at -78°. After stirring the 
reaction mixture at room temperature for the period indicat­
ed in table 3.2 the solvents were removed in vacuo. The 
resulting crude product was purified by chromatography 
(silica gel, di-isopropyl ether/hexane). The thione S-imides 
were obtained as red oils, some of them crystallized on 
standing at 0°. The crystals were carefully washed with dry 
hexane yielding analytically pure products. 
Phenyl 2}4Λ6-trbmethyldithiobenzoate thiono-S-2,4, 6-tri-
methylphenylzmide (3e) 
IR (KBr): 966 cm"1 (C=S=N); 1H-NMR (CDC1 3): & 2.05-2.40 
(m, 18H, o-CH3 and p-CH 3), 6.68 (s, 2H, m-H), 6.85 (s, 2H, 
m-H), 7.00-7.30 (m, 5H, arom.); UV (CH,0H): X
m =
„ 385 nm 
•3 ГП 3 X 
(log с 4.03); Anal, caled, for C 2 5 H 2 7 N S 2 : C, 74.03; H, 6.71; 
N. 3.45; found: C, 74.07; H, 6.86; N. 3.42. 
Phenyl 2у 4jв - і г г т е t h y I d i t h i o b e n z o a t e thiono-S-2}4-di(t-
buty I ) -в-me thy Ipheny Umide (3f) 
IR (KBr): 935 cm"1 (C=S=N); ^-NMR (CDC1 3): & 1.31 (s, 9H, 
p - C 4 H 9 ) , 1.51 (s, 9H, o-C 4 H g ) , 2.13 (s, 3H, p-CHg), 2.25 
(s, 6H, o-CH 3), 2.38 (s, 3H, o-CH 3), 6.70 (s, 2H, m-H), 
6.90-7.30 (m, 7H, arom.); UV (СН.0Н): Л
т а
 390 nm (log ε 
Ο ΓΠα Χ 
3.98); Anal, caled, for C 3 1 H 3 9 S 2 N : С, 76.02; Η, 8.03; Ν, 




IR (KBr): 952 cm"1 (C=S=N); ^-NMR (CDCI3): 6 1.28 [d, 
12H, J = 6.5 Hz, CH(CH3)2], 2.12 (s, 3H, p-CHj), 2.25 (s, 
6H, o-CH3), 3.45 [septet, 2H, CH(CH3)2], 6.68 (s, 2H, m-H), 




 388 nm (log ε 
-Э ΓΠ α Χ 
4.05); MS: m/e 448 (Μ +); Anal, caled, for C 2 8H 3 3NS 2: С, 
75.12; Η, 7.43; Ν, 3.13; found: С, 75.22; Η, 7.45; Ν, 3.09. 
Phenyl 2j4
Λ
6 - t r i m e t h y I d i t h í o b e n z o a t e thiono-S-2,6-di-
methylpheny Umide {3h) 
IR (KBr): 966 cm"1 (C=S=N); ^-NMR (CDC13): 6 2.13 (s, 3H, 
P-CH3), 2.27, 2.40 (s, 12H, o-CH3), 6.68 (s, 2H, m-H), 
6.70-7.30 (m, 8H, arom.); UV (CH.OH): Xm=„ 388 nm (log ε 
J Πια Χ 
4.02); MS: m/e 392 (Μ +); Anal, caled, for C 2 4H 2 5S 2N: 
С, 73.61; Η, 6.44; Ν, 3.58; found: С, 73.23; Η, 6.38; 
Ν, 3.51. 
Phenyl 4-methoxy-216-dimethyl-3-(ï-propyl)dithiobenzoate 
thiono-S-P,, 4 -di (t^-buty I ) -6-methy Ipheny Umide (З3 ) 
IR (NaCl): 933 cm'1 (C=S=N); ^-NMR (CDC13): δ 1.18, 1.22 
[d, 6H, J = 7.0 Hz, CH(CH3)2], 1.33 (s, 9H, p-C 4H 9), 1.55 
(s, 9H, o-C 4H g), 2.21, 2.31, 2.40 (s, 9H, o-CH3), 2.70-3.40 
[m, IH, CH(CH3)2], 3.67 (s, 3H, 0CH 3), 6.43 (s, IH, m-H), 
6.90-7.50 (m, 7H, arom.). 
Phenyl 4-methoxy-2} 6-dimethy1-3-(i-propyI)dithiob enz о at e 
thíono-S-2} 6-di (i_-propy I ) phenylimide (_3k ) 
IR (KBr): 940 cm"1 (C=S=N); ^-NMR (CDC13): δ 1.10, 1.18 
[d, 6H, J = 7.0 Hz, CH(CH3)2], 1.28 [d, 12H, J = 6.5 Hz, 
CH(CH3)2], 2.20, 2.29 (s, 6H, 0-CH3), 2.80-3.80 [m, 3H, 
CH(CH3)2], 3.65 (s, 3H, 0CH3), 6.40 (s, IH, m-H), 6.90-7.30 
(m, 8H, arom.); UV (CHq0H): A m a v 388 nm (log ε 4.02); 
J (Πα Χ 
Anal, caled, for C 3 1H 3 9NS 20: С, 73.62; Η, 7.70; Ν, 2.77; 
found: С, 73.69; Η, 7.88; Ν, 2.70. 
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2,4j e-Trimethylphenyl 4-methoxy-2,6-dimethyl-3(г-propyI)di-
thiobenzoate thionc-S-?,, 4, ΰ-trímethy Ipheny Umide {Ъ\п) 
IR ( N a C l ) : 967 c m " 1 ( C = S = N ) ; ^ - N M R ( C D C 1 3 ) : 6 1 . 1 0 - 1 . 4 0 
[ m , 6 H , C H ( C H 3 ) 2 ] , 2 . 0 0 - 2 . 4 0 ( m , 2 4 H , o - C H 3 , P - C H 3 ) , 2 . 8 5 -
3 . 1 5 [ m , I H , C H ( C H 3 ) 2 ] , 3 . 7 2 ( s , 3 H , 0 C H 3 ) , 6 . 5 0 - 6 . 8 0 ( m , 
5 H , a r o m . ) ; UV ( C H , 0 H ) : λ , 3 8 1 nm. j max 
2,4,e-TrimethyIphenyЪ 4-methoxy-2,6-dimethy1-3(i-propyI)di-
thiobenzoate thiono-S-2,6-di(г-prop у ?)ρ he η у li mi de (3n) 
IR (NaCl): 958 cm"1 (C=S=N); ^-NMR (CDC13): δ 1.00-1.40 
[m, 18H, СН(СН3)2], 2.10-2.40 (m, 15H, o-CH3, p-CH 3), 
2.70-3.60 [m, ЗН, СН(СНз)2], 3.70 (s, ЗН, 0СН3), 6.30-7.10 
(m, 6Н, arom.); UV (СН,0Н): A
m
,„ 387 nm. 
j max 
2,4,6-Trime thyIphenyI 4-methoxy-2,6-dime thy 1-3(i-pvopyI)di-
thiobenzoate thiono-S-2,6-di( methyl)phenyUmide (3o) 
IR (NaCl): 945, 960 cm-1 (C=S=N); ^-NMR (CDC13): 6 1.05-1.40 
[m, 6H, CH(CH3)2], 1.90-2.40 (m, 21H, o-CH3, p-CH 3), 2.85-
3.40 [m, IH, CH(CH3)2], 3.70 (s, 3H, 0CH 3), 6.30-7.20 (m, 
6H, arom.); UV (CH,0H): X
m i w 384 nm. j max 
2,4,6-Trimethylphenyl 2,4,6-trimethyldithiobenzoate 
thiono-S-2, 4 , 6-trimethy Ipheny Umide (Ър ) 
IR (KBr): 969 cm"1 (C=S=N); ^-NMR (CDC13): δ 2.00-2.40 
(m, 27H, o-CH3, p-CH 3), 6.65, 6.78, 6.85 (s, 6Н, m-H); 
MS: m/e 448 (M +); Anal, caled, for C 2 8H 3 3S 2N: С, 75.12; 
H, 7.43; Ν, 3.13; found: С, 75.10; Η, 7.46; Ν, 3.13. 
2,4,6-TrimethyIthiobenzophenone S-2, 4, 6-trimethylphenyl-
imide (3q) 
IR (KBr): 945 cm"1 (C=S=N); ^-NMR (CDC13): δ 2.10-2.45 
(m, 18H, o-CH3, p-CH 3), 6.76, 6.97 (s, 4Н, п-Н), 7.20 
(br.s, 5Н, arom.); UV (СН,0Н): λ ,„ 391 nm (log с 4.16); 
MS: m/e 474 (Μ +); Anal, caled, for C 2 5H 2 7NS: С, 80.38; 
Η, 7.29; Ν, 3.75; found: С, 79.99; Η, 7.21; Ν, 3.73. 
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2, 4 j 6-Trimethylthiobenzophenone S_-2, 6-di ( ί^-propy I ) pheny l-
imide {Ъг) 
IR (KBr): 950 cm"1 (C=S=N); ^-NMR (CDC13): δ 1.22 [d, 12H, 
J = 6.5 Hz, CH(CH3)2]> 2.30 (s, 3H, p-CHj), 2.18 (s, 6H, 
o-CH3), 3.32 [septet, 2H, J = 6.5 Hz, CH(CH3)2], 6.92 
(s, 2H, m-H), 7.00-7.40 (m, 7H, arom.), 8.10-8.30 (m, IH, 
arom.); UV (CH,0H): A
m
,„ 383 nm (log ε 4.20); MS: m/e 416 
J ΓΠα X 
(M ); Anal, caled, for C 2 8H 3 3NS: С, 80.91; H, 8.00; Ν, 3.37; 
found: С, 80.62; Η, 8.16; Ν, 3.28. 
2, 4, 6-Trime thy Ithiobenzophenone S_-2, S-dimethy Ipheny Umide {3^s) 
IR (KBr): 960 cm"1 (C=S=N); ^-NMR (CDC13): δ 2.15, 2.23 
(s, 12H, o-CH3), 2.30 (s, ЗН, p-CH 3), 6.70-7.20 (m, ЮН, 
arom.); UV (CH,0H): λ„,„ 392 nm (log ε 4.17); MS: m/e 360 
J m α Χ 
(M +); Anal, caled, for C 2 4H 2 5NS: С, 80.18; Η, 7.01; Ν, 3.90; 
found: С, 79.77; Η, 6.93; Ν, 3.87 
$-Naphthyl 4-me thoxy-2, 6-dimethyl-3- (i_-propy I ) dithiobenzoate 
thiono-S-?., в-di ( г_-ргору I ipheny Umide (_3t ) 
IR (KBr): 940 cm"1 (C=S=N); ^-NMR (CDC13): δ 0.83, 1.10 
[d, 6H, J = 6.5 Hz, CH(CH3)2], 1.30 [d, 12H, J = 6.5 Hz, 
CH(CH3)2], 2.20, 2.30 (s, 6H, o-CH3), 2.70-3.70 [m, 3H, 
CH(CH3)2], 3.55 (s, 3H, 0CH3), 6.33 (s, IH, m-W), 7.05-7.80 
(m, 10H, arom.); UV (CH,0H): X
ma
„ 388 nm (log ε 4.10); 
J m α X 
Anal, caled, for C 3 5H 4 1NS 20: C, 75.63; H, 7.44; N, 2.52; 
found: C, 75.59; H, 7.57; N, 2.68. 
Deviant procedure (non-aqueous work-up) 
Phenyl Ζ, 4, C-trimethy Idithiobenzoate thiono-S-t-butyUmide {Zi) 
To a solution of /V-trimethyl si lyl -t-butyl amine (3.0 mmol) 
in diethyl ether (50 ml) was added at 0° w-BuLi (1.10 equiv.). 
After stirring for 1 h at room temperature a solution of 
sulfine 4·3 (3.0 mmol) in diethyl ether (10 ml) was added 
at -78°. Then, after stirring for another hour, trimethyl-
silyl chloride (3.3 mmol) was added at room temperature. 
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The precipitated lithium chloride was filtered off and the 
filtrate was concentrated гп jacuo affording thione s-imide 
3i as a yellow oil which crystallized on standing. Washing 
with hexane gave pure material. IR (KBr): 992 cm (C=S=N); 
^-NMR (CDC1 3): δ 1.42 (s, 9H, t - C 4 H g ) , 2.12 (s, ЗН, p - C H 3 ) , 
2.20 (s, 6Н, о-СН 3), 6.53 (s, 2Н, m - H ) , 6.90-7.40 (m, 5Н, 




, 381 nm (log F 3.93); MS: m/e 343 (M+ 
«j ina χ 
Phenyl 4-methoxy-2, 6-dime thy I-¿- (г-ргору l) di. thiol· en ζ о at e 
thiono-S-t-l·utylt,mгde (3^1 ) 
This compound was prepared as described for 3i starting 
from sulfine 4b. IR (NaCl): 990 cm" 1 (C=S=N); ^-NMR (CDC1 3): 
б 1.08, 1.17 [d, 6H, J = 7.5 Hz, CH(CH 3) 2], 1.39 (s, 9H, 
t- C 4 H g ) , 2.10, 2.18 (s, 6H, o-CH 3), 2.70-3.30 [m, IH, 
CH(CH 3) 2], 3.58 (s, 3H, 0 C H 3 ) , 6.30 (s, IH, m - H ) , 6.90-7.20 
(m, 5H, arom.); UV (CH 30H): X m a x 380 nm. 
Oe-imination of thzonp S-imides 3^ e,g,p,v,w 
niethod_a: To a stirred solution of thione S-imide 3^  (2 mmol) 
in CH-Clp (30 ml) 1 mmol (for 3e,g and p) or 3 mmol (for 
3v and w) of phosphorus pentasulfide was added. The reaction 
mixture was stirred at room temperature until the thione 
S-imide 3 had disappeared (checked by TLC). The unsoluble 
material was filtered off and washed twice with (^Clp 
(10 ml). The solution was washed thoroughly with 10% aqueous 
sodium bicarbonate solution (3x20 ml) and then with water 
(2x20 ml). The organic layer was dried over MgS0 4. Removal 
of the solvent гп vacuo and subsequent chromatography 
(silica gel, di-isopropyl ether/hexane) gave dithioesters 
T^a-c. After crystallization from n-hexane pure compounds 
were obtained. The spectroscopic characteristics were in 
agreement with those reported in the literature. 1 7 
method_b: To a stirred solution of thione S-imide 3 (3 mmol) 
in CH 2C1 2 (50 ml) 3 mmol (for 3e,g and p) or 9 mmol (for 3v 
and w) of thi ophosphoryl bromide was added using a syringe 
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and a septum cap. After stirring for 0.5 h at room temp­
erature the reaction mixture was washed thoroughly with 10% 
aqueous NaHCO-, solution (3x20 ml) and with water (2x20 ml). 
The organic layer was dried over MgSO,. After removal of 
the solvent in vacuo and chromatography (alumina, benzene) 
pure dithioesters T_ were obtained that were crystallized 
from n-hexane. The spectroscopic characteristics were in 
agreement with those reported in the literature. 1 7 
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C H A P T E R 4 
SYNTHESIS OF α,ß-UNSATURATED SULFINES 
FROM SILYLINDENES AND SULFUR DIOXIDE 
4.1 ABSTRACT 
The s y n t h e s i s o f a v a r i e t y o f s u b s t i t u t e d i n d e n e t h i o n e 
S-ox ides ( a l l α , ß - u n s a t u r a t e d s u l f i n e s ) has been d e s c r i b e d . 
E s s e n t i a l l y these s u l f i n e s are prepared by the r e a c t i o n o f 
α - s i l y l c a r b a n i o n s w i t h an excess o f s u l f u r d i o x i d e 
( m o d i f i e d Peterson r e a c t i o n ) . The r e q u i s i t e α - s i l y l c a r b ­
anions are g e n e r a t e d by two d i f f e r e n t r o u t e s . F i r s t l y , by 
a - d e p r o t o n a t i o n of t r i methyl s i l y l s u b s t i t u t e d indenes and 
secondly by n u c l e o p h i l i c δ - a d d i t i o n of a l k y l l i t h i u m compounds 
t o d i e n e s i 1 a n e s . In a l l cases the s u l f i n e s p r e p a r e d were 
c o n v e r t e d i n t o c y c l o a d d u c t s w i t h 2 , 3 - d i m e t h y l - 1 , 3 - b u t a d i e n e . 
4.? INTRODUCTION 
In the brief survey of the literature on the synthesis 
of sulfines 1 it is indicated that several types of sulfines 
can be prepared by the various methods. Sofar, α,ß-un-
saturated sulfines received only little attention. Motoki 




lysis of its "dimer" _1 (scheme 4 . 1 ) . This sulfine could be 
either trapped by cycloaddition with n o r b o r n e n e 3 or re­
arranged further to an enethiol k e t o n e . 2 Oxidation of 
2,5-dinethylthiophene by means of singlet oxygen in methanol 
as the solvent gave unsaturated sulfine 1" 3 (scheme 4 . 2 ) . 
scheme 4.2 
' s ' MeOH 
'02 Гтг 
0-0 
О 5-0 о s.4 
This method was only successful for 2 ,5-dimethylthiophene, 
other thiophenes gave different products. An interesting 
approach for the synthesis of a,^-unsaturated sulfines was 
described by M. Franck-Neumann and J. L o h m a n 5 , viz. Wolff 
rearrangement of (vinyl)sulfinylcarbene 4 which was 
generated by photolysis of the pyrazolenine 5^  (scheme 4 . 3 ) , 
Sulfine 6_ was rather unstable. 
scheme 4.3 
hv 
In this chapter an approach to α,ß-unsaturated sulfines 
by means of the modified Peterson alkylidenation of sulfur 
dioxide is presented. As outlined in Chapter 2 (of. ref. 6) 
this modified Peterson reaction has the attractive feature 
that an active methylene compound can be used as starting 
material. This concept is once again depicted in scheme 4.4. 
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scheme 4 . 4 
\ 1) base 
CH 
R l \ κΗ 1) base 
2 • С *• 
/ 2) МезЗ.СІ / \
 2 ) S 0 2 
R i . 0 
\
г
— С — s 
I I 
МезЗі 0 
Г \ = S / + Мез5і0О 
4.3 RESULTS AND DISCUSSION 
This chapter deals with the synthesis of sulfines 
from indene as starting substrate. Following the synthetic 
concept depicted in scheme 4.4 a, (^-unsaturated sulfines 
are the expected products. 
Conversion of indene 7_ into 3-trimethyl si lyl indene 8 
can easily be accomplished by treatment with и-BuLi and 
trimethylsilyl chloride. However, subsequent treatment 
of 8 with n-BuLi and excess of sulfur dioxide did not lead 
to the expected sulfine 9^ but to 2-3-trimethylsilylindene-
thione s-oxide JJDa instead (yield 20%) (scheme 4 . 5 ) . As the 





trimethylsilyl group is retained in the product a mechanism 
different from the anticipated one (of. scheme 4.4) has been 
operative. The reaction sequence depicted in scheme 4.6 is 
suggested as a rationale for the formation of product 10a. 
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s c h e m e 4 . 6 
SiMe-, Si Men 
SO? 
Ό base 
- 0 ^ Ν ο Θ 
SiMe· SiMe, 
Deprotonation of 8 leads to the allylιc-type anion J_l which 
then reacts with sulfur dioxide at the least hindered 
anionic position to give sulfinate 12_. Subsequent deprotonat­
ion of this sulfinate 12_ with the carbamon ^1 results in 
the d i a m o n 13_, which reacts with sulfur dioxide as indicat­
ed to produce sulfine \0_a by elimination of lithium sulfite 
from ]A_. This mechanism resembles that proposed by Sakai 
et al.7 for the preparation of v-sul fιnylami nes from lithio-
amines and sulfur dioxide. The low yield of 2£a is partly 
due to the fact that anion J_l is being used for the de­
protonation of 12_. Indeed, addition of an extra equivalent 
of n-BuLi to sulfinate 1_2 increased the yield of ІО^а to 33%. 
In order to enhance the chance of reaction of sulfur 
dioxide with the carbon atom bearing the trimethylsilyl 
group, t..e. C,, a substituent was introduced at Cj. Thus, 
trimethyl si lyl ation of 1_1 gives di si lyl indene ІБ_а whi ch on 
deprotonation and subsequent treatment with sulfur dioxide 
produces sul f ι neJJDa ι η a Peterson fashion (yield 83% based 
on _7)* Similarly, bis-silyl compound 15b was converted into 
sulfine 10b (scheme 4.7). 
The sulfines j ^ have the z-geometry as is apparent 
from the one proton absorption at low field (δ v. 8.30 ppm) 
in their ^ - N M R spectra due to the anisotropic deshielding 
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e f f e c t o f t h e e j / n - p o s i t i o n e d CSO g r o u p . 1 ' 










15 a: R = Me 
b; R=Ph 
IO a:R = Me 
b:R = Ph 
Methylation of 1_1 with methyl iodide gave a mixture 
of 1-methyl -3-trimethylsi lyl- and 3-methyl-1-trimethyl-
silyl-indene (l_6a). Formation of such a mixture could be 
avoided by methylation of indene followed by a trimethyl-
silylation; only isomer j_6a was obtained in this manner. 
Treatment of JJ^a with one equiv. of n-BuLi , followed by 
reaction with sulfur dioxide gave sulfine 17_a,. Analogously, 
benzyl substituted sulfine 17b was prepared (scheme 4 . 8 ) . 
















a:R = Me 
b:R=CH2Ph 
The sulfines 1_7 were obtained as E/Z mixtures; separation 
of these isomers by either chromatography or crystallizat­
ion could not be achieved. Most likely, the geometrical 
isomers of 17 are in equilibrium at ambient temperature. 
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I t i s w e l l documented t h a t s u l f i n e s undergo D i e l s - A l d e r -
t y p e c y c l o a d d i t i o n r e a c t i o n s . 9 The s u l f i n e s d e r i v e d from 
indene were a l l c o n v e r t e d i n t o s p i r o - d i h y d r o p y r a n S-oxides 
18 by r e a c t i o n w i t h 2 , 3 - d i m e t h y l - 1 , 3 - b u t a d i e n e , m a i n l y f o r 




TABLE 4.1: Synthesis of sulfines 1_0 and \]_ according to 
schemes 4.7 and 4.8 
yield(%) 
sylflDË - Ç ^ Ç l 2 § ^ y 9 î . 































starting from 1-trimethylsilylindene 
^prepared in situ 
*starting from indene 
As shown above a,B-unsaturated sulfines can be prepar­
ed in which the olefinic bond is contained in a ring system. 
Following the same synthetic concept (see scheme 4.4) the 
preparation of acyclic unsaturated sulfines was attempted. 
To this end 1,3-diphenylpropene was doubly silylated to 
give 1,3-diphenyl-l,3-di(trimethylsilyl)propene. Deprotonat-
ion of this substrate with rc-BuLi did not occur at C-3 but 
at a trimethylsilyl group instead, probably due to the 
sterically shielded position of the proton at C-3. 
60 
Deprotonation at C-3 of 3-methyl-1,3-diphenyl-1-trimethyl-
silylpropene and 1-methyl-1,3-diphenyl-3-trimethylsilyl-
propene could not be accomplished either, probably for the 
same reason. 
The essential species in the sulfine synthesis depicted 
in scheme 4.4 are a-silyl carbanions. These anions can also 
be prepared by an alternative route, viz. by ß-addition of 
a suitable nucleophile to vinyl si 1anes.' 0 This method has 
been used to prepare requisite a-silyl carbanions for the 
synthesis of s u l f i n e s . 1 1 A vinylsilane that can serve as a 
possible precursor for a sulfine is 1,1,3-tri(trimethyl-
silyl)indene readily obtainable by silylation of the anion 
of 15a. However, attempts to accomplish ß-addition of MeLi 
or n-BuLi to this tri-silylindene failed because these 
reagents acted as bases by deprotonating one of the trimethyl· 
silyl groups. Probably, the desired ß-addition is sterically 
hampered by the two silyl groups at C-l. 
With the objective to prepare a new type of precursor 
for sulfines di-silylindene 15a was subjected to a Peterson 
olefination with carbonyl compounds (scheme 4 . 1 0 ) . The 
resulting α,β-γ,δ-unsaturated silanes J^a-c upon δ-addition 






















for the preparation of sulfines. It should be noted that 
such nucleophilic δ-additions to dienesilanes sofar hardly 
received attention in the literature. Treatment of diene-
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s i l a n e 19a w i t h two e q u i v . o f MeLi f o l l o w e d by an excess 
o f s u l f u r d i o x i d e indeed gave a good y i e l d (74%) o f α , β -
u n s a t u r a t e d s u l f i n e 20a. Remarkably, when o n l y one e q u i v . 
o f MeLi was used the y i e l d o f s u l f i n e was much l o w e r . 
N u c l e o p h i l i c ¿ ¡ -add i t ion of n - B u L i , see-BuLi and t - B u L i 
(2 e q u i v . ) s i m i l a r l y gave the s u l f i n e s 2_0b,c,d. P u r i f i c a t -
ion o f these s u l f i n e s 20a-d by chromatography on s i l i c a 
gel always l e f t a smal l amount o f co r respond ing ketone as 
an i m p u r i t y . React ion o f p r e c u r s o r ^9b w i t h MeLi or n-BuLi 
and subsequent t r e a t m e n t w i t h an excess o f s u l f u r d i o x i d e 
ana logous l y gave the s u l f i n e s 2 0 e , f . However, sec-BuLi d i d 
not r eac t i n the d e s i r e d manner, p robab l y δ - a d d i t i o n i s 
s t e r i c a l l y u n f a v o u r e d . The s u l f i n e s 2 j ) a , b , c , d , f were 
o b t a i n e d as г/Z m i x t u r e s , except 20e t h a t was i s o l a t e d as 
the Z - i s o p i e r . They a l l were c o n v e r t e d i n t o the D i e l s - A l d e r 
adduct Π3 ( t a b l e 4 . 2 ) . The r e a c t i o n of d i e n e s i l a n e 19c, 
TABLE 4 . 2 : S y n t h e s i s of s u l f i n e s 20 a c c o r d i n g t o scheme 4.10 
§í§!rÍÍQ3_£°!ü2°yQd5 5 У Н І 0 Ё 

























































^Not determined, the cycloadduct was prepared from 
crude sul fi ne 20. 
derived from acetophenone, with MeLi showed a deviate course. 
This reagent acted as a base to gi ve ε-deprotonation rather 
than as a δ-nucleophi1e. Reaction of the thus-formed penta-
dienylsilyl carbanion with sulfur dioxide produced probably 
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sulfine 2^. Unfortunately, this sulfine 2_1 could not be 
purified by chromatography owing to its unstability, 
however, it could be spotted on TLC. For comparison, the 
pentadienylsilyl carbanion derived from Jj^c and MeLi was 
brought into reaction with benzaldehyde as the electrophi1e, 
The expected triene 2_2 was obtained in good yield (scheme 
4 . 1 1 ) . 
scheme 4.11 
The results presented above show that indene is a 
fruitful substrate for the synthesis of a variety of un-
saturated sul fi nes. 
4.4 EXPERIMENTAL SECTION 
Melting points were determined on a Kofler hot stage 
and are uncorrected. ^H-NMR spectra were recorded at 90 MHz 
using a Varian EM 390 instrument with TMS as internal 
standard. IR spectra were taken on a Perkin Elmer 257 
Grating Spectrometer. The combustion analyses were performed 
in the Microanalytical Department of our laboratory by 
Mr. J. Diersmann. Mass spectra were recorded on a Varian 
SM1B mass spectrometer or a Finnigan 3100 GC/MS. The n-BuLi , 
sec-BuLi , t-BuLi and MeLi used were stock solutions in 
hexane or diethyl ether. THF was distilled twice from CaH-
before use. All reactions in which carbanions are used are 
carried out under nitrogen. 
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l-Trimethylsilylindene 8 
To a solution of indene (10.0 g, 86 mmol) in dry THF (250 
ml) 1.05 equiv. of n-BuLi was gradually added with a 
syringe at -78°. After stirring for 15 min at room temp­
erature, trimethylsilyl chloride (1.10 equiv.) was added 
at -78°. Stirring was continued for 0.5 h at room temp­
erature, then the mixture was poured into a saturated 
aqueous NH4CI solution. The organic layer was separated, 
dried over MgSO^ and concentrated. Distillation under reduced 
pressure (53 o/0.4 mm) gave pure 8 (11.3 g, 70«). IR (NaCl): 
840, 1250 c m - 1 (-SiMe 3); ^ - N M R (CD C 1 3 ) : δ 0.30 (s, 9H, 
-SiMej), 3.70 (s, IH, CHSil·^), 6.77 and 7.13 (ABq, 2H, 
J = 7.5 Hz, HC=CH),7.30-7.80 (m, 4H, arom.). 
1, Z-Di. (trimethylsb ly Dindene 15a 
То a solution of indene (10.0 g, 86 mmol) in dry THF (250 
ml) 1.05 equiv. of n-BuLi was gradually added at -78°. 
After stirring for 15 min at room temperature trimethyl-
silyl chloride (1.05 equiv.) was added at -78°. Stirring 
was continued for 15 min at room temperature, then the 
above-mentioned procedure was repeated. Subsequently the 
reaction mixture was poured into a saturated aqueous NH^Cl 
solution. The organic layer was separated, dried over MgSO^ 
and concentrated. Purification by distillation was not 
possible because of thermal rearrangement of \bà to 3,3-di-
(trimethyl si lyl )indene. Yield of crude ІЪъ. : 20.1 g (90%). 
IR (NaCl): 840, 1250 cm" 1 (-SiMe 3); ^ - N M R (CDC1 3): δ 0.10 
(s, 9H, C H S i M e 3 ) , 0.50 (s, 9H, C = C S i M e 3 ) , 3.70 (s, IH, 
-C H S i M e 3 ) , 7.00 (s, IH, -HC=C), 7.10-7.70 (m, 4H, arom.). 
S-Methyl-l-trimethylsilylindene _1_ба and 1-methyl-Z-trimethyl-
si. ly lindene 
To a solution of 1-trimethylsilylindene 8 (10.0 g, 54 mmol) 
in dry THF (250 ml) was added и-BuLi (1.10 equiv.) at -78°. 
After stirring for 15 min at room temperature Mel (8.5 g, 
60 mmol) was added at -78°. The reaction mixture (20°) was 
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poured into a saturated aqueous NH-Cl solution. The organic 
layer was separated, dried over MgSO^ and concentrated. 
Distillation under reduced pressure (66o/0.25 mm) gave a 
mixture of the positional isomers (total yield 9.0 g, 83%). 
IR (NaCl): 842, 1251 cm" 1 (-БіМез); ^-NMR (СОСІз): 10a: 
δ 0.20 (s, 9H, -ЗіМез), 2.50 (m, ЗН, -CHj), 3.60 (m, IH, 
CHSiMej), 6.55 (m, IH, CH=C), 7.30-7.80 (m, 4H, arom.); 
other isomer: δ 0.60 (m, 9H, ЗіМез), 1.57 (d, ЗН, J = 7.5 
Hz, C H 3 ) , 3.60 (m, IH, CHCH3), 6.90 (m, IH, CH=C), 7.30-7.80 
(m, 4Н, arom.). 
3-Me thy I-1-trime thy Isъlylinden e 16a 
To a solution of indene (5.0 g, 43 mmol) in dry THF (150 
ml) 1.10 equiv. of rc-BuLi was added at -78°. After stirring 
for 0.5 h at room temperature 1.10 equiv. of Mel was added 
at -78°. Then after stirring for 15 min at room temperature 
again 1.10 equiv. of n-BuLi was added at -78°. After stirring 
for 15 min at 20°, 1.10 equiv. of trimethylsilyl chloride 
was added at -78°. At room temperature the reaction mixture 
was poured into a saturated aqueous NH.C1 solution. The 
organic layer was separated, dried over MgSO^ and concentrat­
ed. The crude product (8.0 g, 92%) was purified by distillat­
ion under reduced pressure (760/0.3 mm). The spectroscopic 
data were in agreement with those as mentioned before. 
3-BenzyI-1-trimethylsilylindene 16b 
The procedure as given for 16a was followed. The product 
was purified by distillation under reduced pressure (147°/ 
0.4 mm). Yield 75%. IR (NaCl): 840, 1252 cm - 1 (-Sil^); 
^-NMR (CDC1 3): δ 0.30 (s, 9H, -5іМез), 3.75 (m, IH, 
CHSiMej), 4.30 (br.s, 2H, CH 2Ph), 6.55 (m, IH, CH=C), 
7.30-7.80 (m, 9H, arom.). 
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Z^-S-trimethylsilylindenethione S-oxide 10a 
To a solution of 1,3-di (tri methyl si lyl )i ndene J_5a (2.6 g, 
10 mmol) in THF (60 ml) 1.10 equiv. of n-BuLi was added at 
-78°. After stirring for 15 min the resulting solution of 
the a-silyl carbanion was added to a solution of excess 
of SOp in THF (5 ml) at -78°. Stirring was continued for 
30 min at room temperature and then the reaction mixture 
was poured into a saturated aqueous NH^Cl solution. The 
organic layer was separated, dried over MgSO^ and concentrat­
ed. The crude sulfine JL^ a was crystallized from ether/pentane: 
m.p. 55-57 0C; yield 2.0 g (86%). IR (KBr): 1035, 1085, 1135 
<C=S=0), 345, 1245 cm" 1 (-SiMe 3); ^ - N M R (CDCI3): δ 0.31 
(s, 9H, -ЗіМез), 6.61 (s, IH, CH=C), 7.10-7.30 (m, 3H, arom. ), 
8.21-8.50 (m, IH, arom.); MS: m/e 234 ( M + ) ; Caled, for 
C 1 2 H 1 4 S S i O (234.37): С, 61.49; H, 6.02; S, 13.68; found: 
С, 61.5, 61.6; H, 6.2, 6.1; S, 13.5, 13.5. When the precursor 
di silylindene 16a was prepared from indene and, without 
isolation, used in the procedure described above, the overall 
yield on sulfine amounted to 83%. 
Z-3-Triphenylsilylindenethione S_-oxide 10b 
To a solution of 1-trimethylsilylindene 8 (1.0 g, 5 mmol) 
in THF (30 ml) 1.05 equiv. of n-BuLi was added at -78°. 
After stirring for 15 min at room temperature, 1.05 equiv. 
of triphenylsilyl chloride, dissolved in THF (5 m l ) , was 
added at -78°. Stirring was continued for 15 min at room 
temperature and then 1.1 equiv. of n-BuLi was added at -78°. 
The thus-obtained solution of a-silyl carbanion was added 
to a solution of an excess of SO2 in THF (5 ml) at -78°. 
This reaction mixture was stirred for 0.5 h at room temp­
erature before pouring it into a saturated aqueous NH.C1 
solution. The organic layer was separated, dried over MgS04 
and concentrated. The crude sulfine was purified by 
chromatography (silica gel, di-isopropyl ether/hexane ). 
Crystallization from ether/pentane gave the pure Z-isomer 
(1.36 g, 6 5 % ) ; m.p. 148-149°; IR (KBr): 1087, 1135 (C=S=0), 
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840, 1110 cm-1 (-SiPh 3); ^H-MR (CDC1 3): 6 6.60 (s, IH, CH = C ) , 
6.70-7.70 (m, 18H, arom.), 8.30-8.60 (m, IH, arom.); Caled. 
for C 2 7 H 2 0 S S i O (420.60): С, 77.10; H, 4.79; found: С, 77.41, 
77.38; H, 4.91, 4.90. 
( Z+E_) -S-Methylindenethione S_-oxide 17a 
The procedure as given for JJDa was followed. Starting from 
16a (2.5 g, 12.4 mmol) Г7а (1.26 g, 58Х) was obtained after 
chromatography (silica gel, chloroform) as an E/Z mixture. 
Crystallization from ether/pentane gave a solid material: 
m.p. 50-52°; IR (KBr): 1070, 1087, 1130, 1141 cm" 1 (C=S=0); 
^-NMR (CDC1 3): 6 2.01-2.21 (m, 3H, C H 3 ) , 6.00-6.10 (m, 
0.65H, CH = C, Z-isomer), 6.71-6.81 (m, 0.35H, CH=C, ¿'-isomer), 
6.91-7.40 (m, 3.35H, arom.), 8.21-8.41 (m, 0.65H, arom., 
Z-isomer); MS: m/e 176 ( M + ) ; Caled, for C 1 0H 8S0 (176.237): 
C, 68.15; H, 4.58; found: C, 68.4, 68.3; H, 4.6, 4.6. When 
sulfine YJji was prepared from indene in a one-pot procedure 
via 16a, an overall yield of 46% was obtained. 
(Z_+E_) -5-Benzy lindenethione S_-ox-ide 17b 
The procedure as given for IJDa was followed. Starting from 
16b (2.5 g, 8.99 mmol) ІТЪ (35%) was obtained after 
chromatography (silica gel, di-isopropyl ether/hexane) as 
a red oily mixture of E- and z-isomers. IR (NaCl): 1088, 
1135 cm" 1 (C=S=0); ^ - N M R (CDC1 3): δ 3.77 (m, 2H, CH 2 P h ) , 
6.05 (m, 0.8H, CH=C, z-isomer), 6.75 (m, 0.2H, CH=C, 
E-isomer), 6.90-7.50 (m, 8.2H, arom.), 8.25-8.55 (m, 0.8H, 
arom., z-i somer). 
3-Trimethylsilylindene-l-spiro-2 '-(Ζ ', 6 ,-dbhydr>o-4 ', 5 '-
dimethyl-2 'H-thiapyran-l'-oxide 18a 
A solution of J_0a (0.936 g, 4.0 mmol) and 2,3-dimethyl-
1,3-butadiene (8 ml) in CHC1 3 (10 ml) was stirred for two 
weeks in the dark at room temperature. Purification was 
performed by chromatography (silica gel, ether) giving 
1.2 g (95%) of lj3a. The product was crystallized from 
67 
CH2Cl2/ether/pentane; m.p. 167-169.5°; IR (KBr): 1040 
(S=0), 1595 cm"1 (C=C); ^-NMR (CDCI3): δ 0.39 (s, 9H, 
-SiMe 3), 1.92 (br.s, 6H, C H 3 ) , 1.90 and 3.45 (ABq, 2H, 
J = 18 Hz), 3.44 (br.s, 2H), 6.20 (s, IH, CH=C), 7.21-7.52 
(m, 3H, arom.), 7.64-7.80 (m, IH, arom.); Caled, for 
C 1 8H 2 40SSi (316.53): С, 68.32; H, 7.64; S, 10.13; found: 
С, 68.3; H, 7.7; S, 10.1. 
3-(Triphenylsilyl)indene-l-spiro-S'-(3',6'-dbhydro-4 ', 5'-
dimethyl-2 'H-thiapyran-l'-oxide) 18b 
The procedure as given for JJÎa was followed. Chromatography 
(silica gel, ether) and subsequent crystallization from 
chloroform/ether gave the pure compound in 90% yield; m.p. 
167-168°; IR (KBr): 1060 cm"1 (S=0); ^-NMR (СОСІз): 5 1.60 
(br.s, 6H, C H 3 ) , 3.25 (br.s, 2H), 1.90 and 3.40 (ABq, 2H, 
J = 21 Hz), 6.20 (s, IH, CH=C), 7.00-7.70 (m, 19H, arom.); 
Caled, for C 3 3H 3 0S0Si (502.76): C, 78.84; H, 6.01; found: 
C, 79.4, 79.5; H, 6.1, 6.1. 
3-Me thy linden e-1-spiro-2 '- ( ¿ ', 6 '-dihydro-4 ', S ' -dÍTnethyl-2 ' H-
thiapyran-1'-oxide) 18c 
The procedure as given for \Ъ& was followed. Chromatography 
(silica gel, ether) gave pure diastereomeriс products (total 
yield 68%). 
Diastereomer I of 18c: crystallization from ether; m.p. 
155-156°; IR (KBr): 1045 cm"1 (S=0); ^-NMR (CDClj): δ 1.78 
(br.s, 6H, C H 3 ) , 2.15 (d, 3H, J = 1.5 Hz, C H 3 ) , 3.30 (br.s, 
2H), 3.43 and 1.87 (ABq, J = 14 Hz, 2H), 5.73 (q, IH, 
J = 1.5 Hz, CH=C), 7.15-7.75 (m, 4H, arom.); Caled, for 
C 1 6 H 1 8 S 0 ( 1 7 6 · 2 3 7 ) : c» 74.38; H, 7.02; found: C, 74.22, 
74.31; H, 7.04, 7.06. 
Diastereomer II of lj3c : isolated as an oil; IR (NaCl): 
1050 cm"1 (S=0); ^-NMR (CDC1 3): δ 1.97 (br.s, 6H, CH 3), 
2.17 (d, 3H, J = 1.5 Hz, CH 3), 2.25 and 2.93 (ABq, J = 18 
Hz, 2H), 3.23 and 3.67 (ABq, J = 16 Hz, 2H), 6.25 (q, IH, 
J = 1.5 Hz, CH=C), 7.10-7.80 (m, 4H, arom.). 
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3-Benzylindene-l-spiro-2 '-(3'36'-dbhydvo-4 ', 5'-dimethyl-
2 'H-thiapyran-l'-oxide) 18d 
The procedure as given for 2 1 a w a s followed. Chromatography 
(silica gel, ether) gave a mixture of diastereomeriс compounds 
(total yield 6 3 % ) . Diastereomer I of 18d could be obtained 
pure by crystallization from ether. 
Diastereomer I of I8d: m.p. 165-166°; IR (KBr): 1052 cm" 1 
(S=0); ^ - N M R (CDCI3): δ 1.77 (br.s, 6H, C H 3 ) , 1.90 and 3.43 
(ABq, 2H, J = 18 Hz), 3.27 (br.s, 2H), 3.87 (br.s, 2H, 
C H 2 P h ) , 5.63 (br.s, IH, CH=C), 7.06-7.73 (m, 9H, arom.); 
Caled, for C 2 2 H 2 2 S 0 (334.481): C, 79.00; H, 6.63; found: 
C, 78.98; H, 6.55. 
Diastereomer II of JJJd : characteristic in comparison with 
diastereomer I: 6 6.30 (br.s, CH=C). 
1-Benzy lidene-3-tr>ime thy Isily li ndene 19a 
To a solution of 1,3-di (trimethyl si lyl )i ndene lS_à (5.0 g, 
19 mmol) in dry THF (150 ml) was added 1.1 equiv. of n-BuLi 
at -78°. After stirring for 20 min at -78° the reaction 
mixture was added to a solution of benzaldehyde (1.1 equiv.) 
in dry THF (100 ml). The reaction mixture was, after stirring 
for 30 min at room temperature, poured into a saturated 
aqueous solution of NH«C1. The organic layer was separated, 
dried over MgSO^ and concentrated. The crude product was 
purified by chromatography (silica gel, n-hexane) and sub-
sequently crystallized from chioroform/hexane (4.2 g, 8 1 % ) ; 
m.p. 73-75°; IR (KBr): 838, 1248 cm"1 (-Sif^); ^ - N M R 
(СОСІз): б 0.32 (s, 9H, -5іИез), 6.90-7.60 (m, П Н , arom.); 
MS: m/e 276 ( M + ) ; Caled, for C i g H 2 0 S i (276.45): С, 82.55; 
H, 7.29; found: С, 82.7, 82.3; H, 7.3, 7.4. 
1-(DiphenyIme thy lene)-Z-trimethylsilylindene 19b 
The procedure as given for JJJa was followed. The crude 
product was crystallized from hexane/ether (yield 8 0 % ) ; 
m.p. 159-160.5°; IR (KBr): 840, 1250 cm" 1 (-SiMe 3); ^ - N M R 
(CDC1 3): 6 0.35 (s, 9H, -SiMej), 6.85 (s, IH, CH=C), 
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6.50-7.60 (m, 14H, arom.); Caled, for C 2 5H 2 4Si (352.56): 
С, 85.17; H, 6.86; found: С, 85.12, 85.14; H, 6.95, 6.93. 
1-(C-Methyl-benzy1)-Z-tvimethyIsilylindene 19c 
The procedure as given for JJja was followed. The crude 
product was purified by chromatography (silica gel, pet. 
ether 60-80) and crystallized from hexane (75% yield); 
m.p. 65-67°; IR (KBr): 840, 1250 cm"1 (-ЗіМез); ^-NMR 
(CDC1 3): δ 0.35 (s, 9H, -ЗіМез), 2.70 (s, ЗН, CH-j), 6.60 
(s, IH, CH=C), 7.10-7.50 (π, 8Н, arom.), 7.70-7.90 (m, IH, 
arom.); Caled, for C-j^oSi: С, 82.75; H, 7.63; found: 
С, 82.74, 82.83; H, 7.69, 7.67. 
(E+Z_)-3- (1-Pheny lethy Ij-ùndenethione S-oxide 20a 
То a solution of 29.a (3.5 g, 13 mmol) in dry THF (150 ml) 
2 equiv. of MeLi was added at -78°. After stirring for 5 
min at room temperature the solution was cooled to -78° 
and added to a solution of an excess of sulfur dioxide in 
THF (10 ml). The reaction mixture was stirred for 2 hrs 
at room temperature and then poured into a saturated 
aqueous NH.C1 solution. The organic layer was separated, 
dried over MgSO» and concentrated. The crude sulfine was 
purified by chromatography (silica gel, hexane/di-isopropyl 
ether), giving a red oil. The mixture of E- and Z-sulfine 
was admixed with the corresponding ketone (about 10%). 
IR (NaCl): 1080, 1138 cm"1 (C = S = 0 ) ; ^-NMR ( C D C ^ ) : δ 1.55 
(d, 3H, J = 7.5 Hz, CH3), 3.97 (q, IH, J = 7.5 Hz, CHPh ), 
6.35 (s, CH=C, z-isomer), 6.80-7.50 (m, arom.), 8.30-8.50 
(m, arom., z-isomer); MS: m/e 266 ( M + ) , 250 (M +-0). 
(E_+Z_) -3- ( 1-Phenylpen tyl ) indenethione S-oxide 20b 
The procedure as given for 2_0a was followed. The mixture 
of E- and Z-sulfine was admixed with the corresponding 
ketone (about 10%). IR (NaCl): 1090, 1140 cm"1 (C=S=0); 
^-NMR (CDC1 3): δ 0.70-2.20 (m, 9H, - C 4 H 9 ) , 3.62 (t, IH, 
J = 7.5 Hz, CHPh), 6.35 (s, CH=C, Z-isomer), 6.90-7.50 
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(m, arom.)» 8.30-8.45 (m, arom., Z-isomer); MS: m/e 308 
( M + ) , 292 (M +-0). 
(Ji+Z_)-3~ (2-Methy l-1-phenylbu tyDindenethione S-oxide 20c 
The procedure as given for ^ Оа was followed. The mixture 
of E- and Z-sulfine was admixed with the corresponding 
ketone (about 10%). IR (NaCl): 1085, 1140 cm"1 (C=S=0); 
^-NMR (CDCI3): б 0.60-2.40 (m, 9H, s - C 4 H 9 ) , 3.55 (d, IH, 
J = 9 Hz, CHPh), 6.35 (s, CH=C, z-isomer), 6.85-7.40 (m, 
arom.), 8.30-8.50 (m, arom., Z-isomer); MS: m/e 308 (M"1"), 
292 (M +-0). 
(E+^_) - (?·3 ?.-Dimethy l-1-pheny Ipropy I) indene thione S_-oxide 20d 
The procedure as given for 2£a was followed. The mixture 
of E- and Z-sulfine was admixed with the corresponding 
ketone (about 10%). IR (NaCl): 1090, 1140 cm" 1 (C=S=0); 
^-NMR (CDC1 3): δ 1.10 (s, 9H, t - C 4 H 9 ) , 3.80 (br.s, IH, 
CHPh), 6.70 (s, CH=C, Z-isomer), 6.90-7.55 (m, arom.), 
8.30-8.50 (m, arom., Z-isomer). 
Z-3-(1,l-Diphenyle thy I)indenethione S-oxide 20e 
The procedure as given for 20a was followed. The sulfine 
was crystallized from chiorofom/hexane (m.p. 120-121.5°) 
giving the Z-isomer. IR (KBr): 1074, 1140 cm" 1 (C=S=0); 
^-NMR (СОСІз): S 2.37 (s, ЗН, С Н 3 ) , 6.05 (s, IH, СН=С), 
6.70-7.50 (m, 13H, arom.), 8.50-8.70 (m, IH, arom.); 
Caled, for C 2 3 H 1 8 S 0 (342.460): С, 80.67; H, 5.30; found: 
С, 80.73, 80.77; H, 5.32, 5.30. 
(E+Z_)-3- (1 j l-Dipheny Ipenty l) indene thione S_-oxide 20f 
The procedure as given for 2J)a was followed. Sulfine 20f 
was obtained as an oily mixture of E- and Z-isomers. IR 
(NaCl): 1088, 1140 cm" 1 (C=S=0); ^-NMR (CDCI3): 6 0.80-1.70 
(m, 7H, C H 2 - C 3 H 7 ) , 2.60-3.00 (m, 2H, C H 2 - C 3 H 7 ) , 6.45 (s, 
CH=C, Z-isomer), 6.70-7.60 (m, arom.), 8.40-8.70 (m, arom., 
Ζ-i somer). 
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3-( l-Phenylethyl) Lndene-1-sp LVO-P '-(.i ', 6 '-dzhydro-4 ', S '-
dime thy 1-2 'H-thbapyran-l ' -oxbde) 18e 
The procedure as given for jl_8a was followed. The cycloadduct 
18e was obtained as a mixture of diastereomers and was 
isolated as a crystalline product; m.p. 149.5-152°; IR (NaCl): 
1052 cm" 1 (S=0); ^-NMR (CDC1 3): δ 1.58 (d, 3H, J = 7.5 Hz, 
CHC H 3 ) , 1.85 (br.s, 6H, C H 3 ) , 3.95-4.25 (m, IH, CHCH3), 5.90 
and 6.43 (d, IH, J = 1.25 Hz, CH=C), 7.00-7.80 (m, 9H, arom.), 
1.85-3.60 (m, 4H, remaining protons); MS: m/e 348 ( M + ) . 
3- (1-Pheny lpentyl)£ndene-l-sp-iro-2 '- (3 ', 6 '-dihydro-4 ', 5 '-
dimethyl-2 'Н-ікгаругап-1'-oxide) 18f 
The procedure as given for j_8a was followed. The cyclo­
adduct Jjif was obtained as an oily mixture of diastereomers. 
IR (NaCl): 1045 cm - 1 (S=0); ^ -NMR (CDC1 3): δ 0.70-4.00 
(m, 20H, alif.), 5.87 and 6.47 (s, IH, CH=C), 6.90-7.70 
(m, 9H, arom.). 
3-(2-Methyl-l-phenylbutyl)indene-l-spiro-2'-(3', 6'-dihydro-
4 ',5 '-dimethyI-Ρ 'H-thiapyran-1'-oxide) 18g 
The procedure as given for j_8a was followed. The cyclo­
adduct 18g was obtained as a mixture of diastereomers and 
was isolated as an oil. IR (NaCl): 1050 cm" 1 (S=0); ^ - NMR 
(CDC1 3): δ 0.70-3.90 (m, 20H, alif. protons), 5.92 and 6.46 
(s, IH, CH=C), 6.70-7.65 (m, 9H, arom.). 
3- (2,2-Dimethyl-1-phenyIpropyl)bndene-l-spiro-2 ''-(3', 6'-
dbhydro-4 ',5 '-dimethyl-? 'H-thiapyran-1 '-oxide) 18h 
The procedure as given for J_8a was followed. The cyclo­
adduct 18h was obtained as a mixture of diastereomers and 
was isolated as a solid material. IR (NaCl): 1050 cm" 
(S=0); ^ - N M R (СОСІз): δ 1.03 and 1.10 (s, 9H, ¿-СдНд), 
1.60-2.30 and 3.00-3.50 (m, Ю Н , alif.), 3.90 (s, IH, 
C H - C 4 H g ) , 6.18 and 6.78 (s, IH, CH=C), 7.10-8.00 (m, 9H, 
arom.). 
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3- ( 1 , l - D i p h e n y l e t h y l ) i n d e n e - l - s p i r o - 2 '-(3 ',6'-dihydro-4 ', S'-
dimethyl-2 'H-thiapyran-l'-oxide) 18І 
The procedure as given for 18a was followed. After 
chromatography (silica gel, ether) one diastereomer could 
be crystallized (ether/hexane) from the mixture of dia-
stereomers. 
Diastereomer I of IB i : m.p. 172-174°; IR (KBr): 1050 cm" 1 
(S=0); ^-NMR (CDC1 3): 6 1.70 (br.s, 6H, C H 3 ) , 2.25 (s, 
3H, C H 3 ) , 2.00-2.30 and 3.10-3.70 (m, 4H, remaining alif. 
protons), 5.45 (s, IH, CH=C), 6.80-7.80 (m, 14H, arom.); 
Caled, for C 2 9 H 2 8 S 0 (424.606): C, 82.03; H, 6.65; found: 
C, 81.57; H, 6.71. 
Diastereomer II of JJÎi: characteristic in comparison with 
diastereomer I: 6 6.06 (s, IH, CH=C). 
S-(1, l-DiphenylpentyI)indene-l-spiro-2'-(Ζ ',6'-dihydro-4 ', 5 '-
dirnethyl-2 'H-thiapyran-l '-oxide) 18j 
The procedure as given for 18a was followed. After 
chromatography (silica gel, ether) both diastereomers 
were isolated separately as oils. 
Diastereomer I of 18j: IR (NaCl): 1040 cm" 1 (S=0); ^ - N M R 
(CDC1 3): δ 0.70-3.80 (m, 19H, alif. protons), 6.37 (s, IH, 
CH=C), 6.60-7.50 (m, 14H, arom.); MS: m/e 466 ( M + ) . 
Diastereomer II of _18 j : IR (NaCl): 1050 cm" 1 (S = 0 ) ; ^ - N M R 
(CDC1 3): δ 0.70-3.70 (m, 19H, alif. protons), 5.77 (s, IH, 
CH=C), 6.80-7.70 (m, 14H, arom.); MS: m/e 466 ( M + ) . 
1, 1 j З-Тгг (trime thy Is ily Dindene 
The procedure as given for j^a was followed. Starting from 
2.2 g of j^a (8.5 mmol) 2.4 g (85%) of 1,1,3-tri(trimethyl-
silyl)indene was obtained after distillation (124 0/1.5 mm). 
IR (NaCl): 840, 1252 cm" 1 (SiMe 3); ^-NMR (CDC1 3): δ 0.10 
(s, 18H, SiMe 3 ) , 0.50 (s, 9H, SiMe 3 ) , 7.00 (s, IH, C=CH), 
7.30-8.00 (m, 4H, arom. ). 
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1, 3-Díphenyl-¿-trbmethylsrlylpropene 
The p r o c e d u r e as g i v e n f o r 8 was f o l l o w e d . S t a r t i n g f r o m 
1 , 3 - d i p h e n y l p r o p e n e 1 2 ( 5 . 0 g , 26 mmol) t h e t i t l e comoound 
( 5 . 5 g , 80%) was o b t a i n e d a f t e r d i s t i l l a t i o n ( 1 2 9 o / 0 . 3 5 mm) 
as a c o l o u r l e s s o i l . IR ( N a C l ) : 8 4 0 , 1245 c m " 1 ( S i M e 3 ) ; 
^-NMR (CDC13). δ 0.00 (s, 9H, SiMe-j), 2.95-3.15 (m, IH, 
CHSiMe 3), 6.30-6.75 (m, 2H, HC=CH), 6.90-7.40 (m, Ю Н , arom.). 
1 s 3-Dbphenyl-l, З-аъ (trimethylbzlyUpropene 
The procedure as given for 8 was followed. Starting from 
4.0 g of 1,3-diphenyl-3-trimethylsilylpropene (15 mmol) 
5.9 g (83%) of the title compound was obtained as a colour­
less oil. IR (NaCl): 840, 1245 cm"1 (SiMe 3); ^-NMR (CDC1 3): 
6 0.00, 0.20 (s, 18H, SiMe 3), 3.20 (d, IH, J = 11 Hz, 
CHSiMe 3), 6.47 (d, IH, J = 11 Hz, C=CH), 6.90-7.50 (m, 10H, 
arom.). 
3-Methyl-lj¿-dzphenyl-l-trtmethyls гlyΙΌ гор en e 
The procedure as given for 16a was followed. Firstly, 
1,3-diphenylpropene was silylated and subsequently methylat­
ed. Due to its rapid ι somensation the oil was not purified. 
IR (NaCl): 840, 1250 cm"1 (SiMe 3); ^-NMR (CDC1 3): δ 0.11 
(s, 9H, SiMe 3), 1.33 (d, 3H, J = 7 Hz, C H 3 ) , 3.43 (m, IH, 
CHMe), 6.10 (d, IH, J = 9.5 Hz, C=CH), 6.70-7.30 (m, Ю Н , 
arom.). 
1-Methyl-lj 3-dtphenyl-3-trimcthylsblylpvopene 
The procedure as given for j_6a was followed. Starting from 
5.0 g of 1,3-diphenylpropene (25 mmol) 5.0 g (72%) of the 
title compound was obtained. Due to its rapid ι somensation 
the oil was not purified. IR (NaCl). 840, 1250 cm"1 (SiMe 3); 
^-NMR (CDC1 3): δ 0.10 (s, 9H, SiMe 3), 2.10 (br.s, 3H, C H 3 ) , 
3.34 (d, IH, J = 11 Hz, CHSiMe 3), 6.05-6.25 (m, IH, C=CH), 
6.80-7.30 (m, Ю Н , arom. ). 
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1-В enzy lidene-¿ (1-phenylethene ) indene 2_2 
To a solution of 19c (1.46 g, 5 mmol) in THF (100 ml) 2.0 
equiv. of MeLi was gradually added at -78°. After stirring 
for 15 min at room temperature the reaction mixture was 
added to a solution of benzaldehyde (3 ml) in THF (15 ml) 
at -78°. Stirring was continued for 0.5 h at room temperature, 
then the mixture was poured into a saturated NH^Cl solution. 
The organic layer was separated, dried over MgSO^ and 
concentrated. After chromatography (silica gel, hexane/di-
isopropyl ether) pure 2_2 was isolated as an oil (1.1 g, 72%). 
lW-Hm (CDCI3): δ 5.70-5.60 (m, 2H, C = CH
:
, ) ,6.90-7.80 (m, 16Н, 
arom.); MS: m/e 306 ( M + ) . 
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C H A P T E R 5 
SYNTHESIS AND REACTIONS OF PHOSPHORYL SUBSTITUTED SULFINES 
5.1 ABSTRACT 
The synthesis of a variety of phosphoryl substituted 
sulfines 5^  has been described, by utilizing the reaction of 
a-silyl carbanions with sulfur dioxide. For characterization 
purposes the prepared sulfines were converted into their 
cycloadducts 6^  with 2,3-dimethyl-1,3-butadiene. Diethoxy-
phosphoryl(phenyl )sulf ine ^а was brought into reaction with 
al kyl 1 i thi urns to give ot-phosphoryl carbanions which on 
treatment with aromatic aldehydes gave α, ß-unsaturated 
sulfoxides 9^ . Alkylation of the a-phosphoryl carbanion 
obtained from 5^ a and methyl 1 i thi urn and subsequent thermal 
elimination of sulfenic acid gave α,ß-unsaturated phosphonates 
11. Sulfines 5^1 .m,s were subjected to electrophi 1 i с alkylat­
ion producing the α, ß-unsaturated sulfoxides 12^ and α,β-un-
saturated sulfides J^. 
5.2 INTRODUCTION 
As outlined in the literature survey (see introductory 
chapter, section 1 . 1 ) , several synthetic routes to sulfines 
became available in the last two decades. 1 The most important 
routes to these heterocumulenes are: 1,2-dehydrohalogenation 
of appropriate sulfinyl chlorides 2 (scheme 1.3) and the 
oxidation of thiocarbonyl containing compounds (scheme 1 . 5 ) . э 
A new approach which was recently developed in our 
laboratory, involves the formation of the C=S bond by a 
Wittig-type reaction of phosphonium ylids with sulfur 
dioxide (scheme 1 . 7 ) . " An attractive extension of the 
alkylidenation of sulfur dioxide comprises the use of 
a-silyl carbanions as nucleophilic reagents (scheme 1 . 9 ) . 5 
The sequence of events in this sulfine synthesis, in fact 
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a modification of the Peterson olefination, is once again 
shown in scheme 5.1. The initially formed adduct from the 
scheme 5.1 
R l \ 1) base R l \ / H υ base 
,CH2 *· A ** 
R / 2' Me,S.Cl
 R / \ S | M e 3 2) S02 
"ι η a 0 
I I R/ 
МезЗі
 Q 0 
α-silyl carbanion and sulfur dioxide in most cases 
spontaneously eliminates tri methyl si 1anolate to give 
sulfines in good yields. 
The aim of the present investigation is to prepare 
phosphoryl substituted sulfines using the concept of 
alkyli denati on of sulfur dioxide. Such type of sulfines 
cannot be obtained by other methods. These phosphoryl 
sulfines are of interest as they enable us to prepare 
α,β-unsaturated sulfoxides and a,^-unsaturated phosphonates 
as will be demonstrated below. 
5-3 RESULTS AND DISCUSSION 
5.3.1 Synthesis of phosphoryl substituted sulfines 
For the preparation of the required starting trimethyl-
silyl compounds 3 two strategies can be envisaged (scheme 
5 . 2 ) . In route A active methylene compounds 1 are silylated 
by means of base and tri methyl silyl chloride. According 
to route В alkylation of either diethyl trimethylsilyl-
methyl phosphonate 2^ a or diphenyl (tri methyl si lylmethyl )-
phosphine oxide 2_b is accomplished. The silyl compounds 3 
are converted into sulfines by deprotonation with n-butyl-
lithium and subsequent treatment with an excess of sulfur 
dioxide. The results are compiled in Table 5.1. 
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scheme 5 . 2 
R 
к " 1) n-BuLi 
,P — CHi—Rj \ 




/ P - C H ^ 2, R2X 
1) n-BuLi / R l S l M e 3 
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II 1) n-BuLi 
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/ I 2) SO2 
R 
0 S ^ 
1 ЗіМез 
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R i 0 6 
An interesting conclusion is that the primary intermediate 
4^  arising from the α-silyl carbanion and sulfur dioxide 
eliminates trimethylsi 1anolate rather than lithium diethyl 
phosphate. This is in accordance with the earlier observed 
preference of a Peterson reaction over a Wittig-Horner-
Wadsworth-Emmons olefination using a-phosphoryl substituted 
alkylsi 1anes. 6 
It is not always necessary to isolate the silyl 
compounds 3. The sulfines ^a-f also have been synthesized 
without the isolation of Ъ_, using a one-pot procedure 
starting from the corresponding active methylene compounds 
К In some cases, however, it was found to be essential to 
perform the sulfine synthesis with isolated silyl compounds 
2» viz . for 5g-i. The preparation of the silyl compounds 
3g-i requires special attention as silylation of the anions 
of j^g-i is a relatively slow process with the consequence 
that deprotonation of ^  by the anion of ^  may occur, which 
then leads to di silylation. To avoid this complication the 
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TABLE 5 .1 : Synthesis of compounds 3, 5^  and 6^  according to scheme 5.2. 
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*Sulfine trapped by cycloaddition with dimethylbutadiene. 
anion o f 1_ must be added t o an excess o f t r i m e t h y l s i l y l 
c h i o r i de. 
For t h e s y n t h e s i s o f s u l f i n e s by t r e a t m e n t o f t h e anions 
of 3 w i t h s u l f u r d i o x i d e , i t i s o f c r u c i a l i m p o r t a n c e t h a t 
the r e a c t i o n i s p e r f o r m e d at -78° and a l s o t h a t t h e anion 
i s added t o an excess of s u l f u r d i o x i d e . In t h i s manner 
s i d e r e a c t i o n s , as f o r i n s t a n c e the d i s t u r b i n g f o r m a t i o n 
of an o l e f i n 7 , can be c i r c u m v e n t e d . 
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The sulfines 5^-i .k-n ,r ,s were all prepared by the 
modified Peterson reaction. When the isolation of the 
sulfines could not be accomplished by crystallization, we 
resorted to chromatography on silica gel in spite of the 
considerable loss of material. Difficulties were encountered 
with 5j as this sulfine is very sensitive towards hydrolysis. 
Therefore, crude 5j was treated with 2,3-dimethyl-1,3-
butadiene in order to convert the sulfine in Diels-Alder 
adduct £ j . Sulfines 5o-q could neither be isolated nor be 
trapped as cycloadduct with dimethyl butadiene. 
It is of interest to note that with the method pre­
sented above sulfines can be obtained having hydrogen atoms 
at the α-carbon atom, viz. 5^k-n,r,s. Sofar, only a few 
representatives of this type of sulfines have been prepared. 1 
In most cases they are rather unstable. Apparently, a 
stabilizing effect is exerted by the phosphoryl group. 
The geometrical configuration of sulfines 5_a and d 
could simply be deduced from their ^H-NMR spectra. The low 
field absorption of aromatic protons of R2 point to a 
deshielding effect of the S=0 moiety, positioned syn with 
respect to these protons. Although the geometry of the 
other sulfines cannot be established by ^ - N M R we believe 
that the S=0 function is also pointing away from the bulky 
phosphoryl substituent. 
The sulfines were all converted into [4+2]-cycloadducts 
6^  by reaction with dimethylbutadiene (Table 5.1, scheme 5 . 2 ) . 
An exception is 5^ c which failed to react, probably owing 
to steric hindrance. 
5.3.2. Synthesis of a,^-unsaturated sulfoxides 
Two modes of reactions of sulfines with nucleophiles 
can be envisaged, viz. a thiophilic and a carbophilic 
reaction (scheme 1 . 1 2 ) . 1 Nucleophilic reactions at the 
sulfine sulfur atom are most common; carbophilic reactions 
are less frequently encountered, in fact only then when the 
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sulfine carbon atom bears a good leaving group as a 
substituent. As the nucí eof ugal i ty of phosphoryl group's is 
rather low, reaction of a nucleophile with sulfines 5^  are 
expected to occur at sulfur, leading to a-phosphoryl 
sulfoxides (scheme 5 . 3 ) . Indeed, reaction of sulfines 5^ a 
and h with alkyl1 ithiurns and subsequent quenching with 
scheme 5.3 
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2) NHtCI 
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2) Н,,СН=0 18,] 
I forRpEtÔ) 
aqueous ammonium chloride produced the sulfoxides 7a-f in 
good yields (scheme 5.3, Table 5 . 2 ) . a-Phosphoryl sulfoxides 
have previously been prepared by Mikol-ajczyk et al. by 
selective oxidation of the corresponding sulfides with 
sodium metaperiodate 6, by reaction of phosphonate carb-
anions with sulfinic esters 9 and by reaction of dialkyl 
phosphite anions with α-halo sulfoxides. 9 
TABLE 5.2: Synthesis of a-phosphoryl sulfoxides T_ 



































In the preparation of the compounds ]_ according to 
scheme 5.3 two chira! centres are introduced. The ratio of 
diastereomers appeared to be dependent on the reaction 
conditions (temperature, concentration of reagents, e t c . ) . 
The a-phosphoryl sulfoxides _7 can serve as substrates 
in Wittig-Horner olefination reactions to give α,β-un-
saturated sulfoxides (scheme 5.3). Deprotonati on of ]_ (R 1 = 
EtO) with n-butyl1 ithiurn and subsequent treatment with the 
aromatic aldehydes 8 produced the α,β-unsatureted sulfoxides 
9a-e (Table 5 . 3 ) . It was found that these sulfoxides can 
also be prepared directly from diethoxyphosphorylsul fi nes 
without isolating the phosphoryl sulfoxides ]_. The results 
are also listed in Table 5.3. 
TABLE 5.3: Synthesis of α,ß-unsaturated sulfoxides 9 
according to scheme 5.3. 
Starting material Product [E+Z] 
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*_7 as starting material 
+5а as starting material 
The sulfoxides 9 were obtained as E/z mixtures, the isomer 
ratio appeared to be dependent on the experimental condit­
ions. In some cases pure single isomers could be obtained 
by fractional crystallization (9b-e). This synthesis of 
α,ß-unsaturated sulfoxides is sensitive to steric hindrance 
as is apparent from the low yield obtained from mesityl-
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aldehyde and the failure of benzophenone to react. 
The commonly used method of preparation of unsaturated 
sulfoxides involves the oxidation of vinyl sulfides with 
various oxidizing agents. 1 0 Other methods are the reaction 
of vinyl Grignard reagents with sulfinic e s t e r s 1 1 , the addit­
ion of sulfenic acid to alkynes 1 2 and by the Peterson 
olefination using α-tri methyl sul foxi des ,1 3 ' 1 ^  Mi kol-ajczyk 
et α ϊ . 1 5 also used the Wittig-Horner reaction of diethoxy-
phosphorylmethyl methyl sulfoxide [(EtO )2P (0 )CH 2S(0 )CH 3] 
with carbonyl compounds. 
5.3.3 Synthesis of а
л
 ^-unsaturated ρ hasp hon at e s 
It has been shown by Koizumi et al.lb that a-sulfinyl 
substituted alkylphosphonates undergo thermal elimination 
of sulfenic acid to give alkenephosphonates. This reaction 
leads to the proposal that sulfines of the type 5 can also 
be used to prepare usaturated phosphonates. As shown in 
scheme 5.4 thiophilic addition of alkyllithium to sulfine 5a 
scheme 5.4 
Е , 0
ч Κ Γ „ „ , E'0 и P|h / J Et04 fi Ph 
\ Ц Ü
 nu
 1 R3Ll ^ \ϋ i ^ toluene \ll / 
P-C-Ph • P-C-S4 • Р-С.Ч 
r n / 2) RjCHzX r / | \ reflui / \ EtO EtO ¿ ^ Яз EtO Ζ 
u "5 
5a 10 jn " 
followed by an alkylation of the thus-formed a-sulfinyl 
carbanion leads to sulfinyl phosphonates HD, which on 
heating in refluxing toluene indeed produce α,β-unsaturated 
phosphonates j_l (Table 5.4). 
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TABLE 5.4: Synthesis of о, ß-unsaturated phosphoryl 
compounds ll_ according to scheme 5.4. 
.^НіГ^ІСЗ.ТЁ^ГІЁІ?. Product 



















5.3.4 Eleotrophilia alkylation of phosphorylsulfines 
Sulfines bearing a hydrogen atom on the α-carbon atom 
are of special interest as deprotonation leads to anions 
which in fact are vinylsulfenates. As we showed previously 
for thiocamphor S - o x i d e 1 7 and methylthio(phenylsulfonyl-
methyl)sulfi ne (scheme 1 . 1 6 ) 1 , both having an a-hydroqen 
atom, the intermediate vinyl sulfenates can be electro-
phillically alkylated at sulfur to give α,β-unsaturated 
sulfoxides. It was also found that the choice of the base 
for the deprotonation is of great importance. By far the 
best results were obtained with t h a n i u m ( I ) ethoxide as 
the b a s e . 1 7 ' 1 β 
The phosphorylsul fi nes 5J.m,s are also suited to be 
used in a deprotonation alkylation sequence (scheme 5 . 5 ) . 
Two bases were used, namely sodium hydride and thallium(I) 
ethoxide. With the former a complicated mixture of products 
was obtained after alkylation with methyl iodide. Two 
products were isolated and identified as the unsaturated 
sulfoxide 12_ and sulfide 13_ (Table 5 . 5 ) . By using thallium(I) 
ethoxide in benzene alkylation gave unsaturated sulfoxides 1^ 
scheme 5.5 
















TABLE 5.5: Synthesis of α,β-unsaturated sulfoxides 12_ according to scheme 5. 
.§£§Γ£ΐ!!9_0!ΕΪΕΓΪΕΐΐ. ___Products 













Mel NaH OME 
Mel TlOEt benzene 
Mel TlOEt THF 
EtI TlOEt benzene 
5m EtO 2,4,6-Me3C6H2-CH2 Mel TlOEt benzene 12i 





















as the predominant products, the corresponding sulfides JJ3 
being a by-product i η some cases. The explanation for the 
formation of the sulfide by-products is depicted in scheme 
5.6 for sulfine 51. In analogy with V e e n s t r a 1 9 it is assumed 
that alkylation can take place at sulfur (as expected on the 
basis of the theory of hard acids and soft bases) as well as 
at oxygen (anomalous product). In the latter case sulfenic 
esters are obtained that in a kind of ene reaction rearrange 
to formaldehyde and a-thioxo phosphonates. S-Alkylation then 
leads to the isolated alkene sulfides 13_ (the deoxygenated 
products). 
scheme 5.6 
0 S ^ 
E \ l l II 1) TlOEt 
P—C —CH2Ph — — — • / 
ЕЮ 
51 
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5.4 EXPERIMENTAL SECTION 
The remarks mentioned in section 4.4 are also valid 
for the experiments mentioned in this section. 
Diethyl (Q-naphthylmethyl)phosphonate lb 
Compound ^b was synthesized via an Arbusov-reaction 2 0 
starting from 3-naphthyl chioromethane and triethyl 
phosphite. Distillation under reduced pressure qave pure 
product, yield 81%. IR (NaCl) 1250 (P=0), 1025 cm" 1 (P-OEt); 
^ - N M R (CDC1 3): δ 0.90 (t, 6H, J = 7.5 Hz, 0СН 2СНз); 3.40-
4.40 (m, 6H, 0a[ 2 C H 3 and С Н 2 Р ) , 7.20-8.10 (m, 7Н, arom.). 
Diethyl (2,5-dbmethylphenyl)methylphosphonate 1_C 
The procedure as given for lb was followed. Distillation 
under reduced pressure gave pure 1c (b.p. 150-160 /5 m m ) ; 
yield 77%; IR (NaCl): 1250 (P=0), 1025 cm" 1 (P-OEt), ^ - N M R 
(CDCI3): δ 1.07 (t, 6H, J = 7 Hz, 0СН 2СНз), 2.17 (s, ЗН, 
C H 3 ) , 2.25 (s, ЗН, С Н 3 ) , 3.00 (d, 2Н, J = 22 Hz, С Н 2 Р ) , 
3.40-4.20 (m, 4Н, 0 С Н 2 С Н 3 ) , 6 60-7.10 (m, ЗН, arom.). 
Diethyl (3-теthylphenyI)methyIphosphonate Id 
The procedure as given for ^ b was followed, yield 74%; 
IR (NaCl): 1030 (P-OEt), 1250 cm" 1 (P=0); ^ - N M R (CDC1 3): 
δ 1.22 (t, 6H, J = 7 Hz, 0 C H 2 C H 3 ) , 2.31 (s, 3H, C H 3 ) , 
3.07 (d, 2H, J = 22 Hz, C H 2 P ) , 3.40-4.30 (m, 4H, 0 C H 2 C H 3 ) , 
7.05 (br.s, 4H, arom. ). 
Diethyl (phenyl-trimethyIsvlyl)methyIphosphonate 3a 
To a solution of diethyl benzylphosphonate 2 " la (10.0 g, 
44 mmol) in dry THF (150 ml) 1.10 equiv. of n-BuLi was 
added at -78° under nitrogen. After stirring for 15 m m at 
room temperature the solution of the anion was added at 
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-78° to a solution of an excess trimethylsilyl chloride 
(66 mmol) in THF (5 ml). After again stirring for 15 min 
at room temperature the reaction mixture was poured into 
a saturated aqueous solution of NH.Cl. The organic layer 
was dried with MgSO. and concentrated. Crude За was purified 
by distillation under reduced pressure (b.p. 110o/0.3 mm). 0 
1 II 
yield 80%; IR (NaCl): 850, 1246 (SiMe 3), 1030, 1246 cm (P-OEt); 
^-NMR (CDC1 3): δ 0.17 (s, 9H, SiMe 3), 1.17 (t, 3H, J = 7.5 
Hz, О С Н ^ з ) , 1.30 (t, 3H, J = 7.5 Hz, 0СН 2СН 3), 2.72 (d, 
IH, J = 24.5 Hz, CH), 3.63-4.37 (m, 4Н, 0£Н 2СН 3), 7.30 (br.s, 
5Н, arom.); MS: m/e 300.1334 (M +); caled, for C 1 4H 2 50 3PSi : 
300.1311. 
Diethyl (ß-naphthyl-trimethylsblyl)methyIphosphonate 3p 
The procedure as given for За was followed. The crude 
product was distilled in vaeMO,Qyield 78%; IR (NaCl): 840, 
1243 (SiMe 3), 1025, 1243 cm"
1
 [P(0Et)2]; ^-NMR (CDC1 3): 
б 0.94 (t, 3H, J = 7 Hz, 0CH 2CH 3), 1.33 (t, 3H, J = 7 Hz, 
0CH 2CH 3), 3.47-4.33 (m, 5H, 0CH 2CH 3 + CHP ), 7.33-8.20 
(m, 7H, arom.); MS: m/e 324.0602 (M +); caled, for C 1 5H 1 70 4SP: 
324.0585. 
Diethyl (23S-dimethyIphenyl-trimethylsilyI)me thyIphosphonate 3c 
The procedure as given for За was followed; b.p. 157-159°/ 
4.5 mm,0yield 73%; IR (NaCl): 850, 1245 (SiMe 3), 1030, 1245 
cm"
1
 [p(0Et)2]; ^-NMR (CDC1 3): δ 0.07 (s, 9H, SiMe 3), 
0.95 (t, 3H, J = 7 Hz, o-CH 2CH 3), 1.18 (t, 3H, J = 7 Hz, 
0СН 2СН 3), 2.13 and 2.20 (s, 6H, o-CH3 and m-CH 3), 2.87 (d, 
IH, J = 26 Hz, CHP), 3.43-4.23 (m, 4H, 0CH 2CH 3), 6.57-7.30 
(m, 3H, arom.); MS: m/e 328.1621 (M +); caled, for C 1 6H 2 90 3PSi: 
328.1673. 
Dipheny I (methy Ithio-tvime thy Isily Imethy I)phosphine oxide 3_q 
The procedure as given for 3a w a s followed except that 1.0 
equiv. of TMEDA was added. Chromatography (silica gel, 
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CHC1j/MeOH/diisopropyl ether) and crystallization from 
ether/CHCl3 gave pure product, yield 70%, m.p. 140-141°; 
IR (KBr): 835, 1235 cm"1 (SiMe 3); ^-NMR (CDC1 3): 6 0.05 
(s, 9H, SiMe 3), 1.67 (s, 3H, S-CH3), 2.20 (d, IH, J = 10.5 
Hz, CHP), 7.30-7.53 (m, 6H, arom.), 7.73-8.17 (n, 4H, 
arom.); caled, for C 1 7H 2 3P0SSi (334.498): С, 61.04; H, 6.93; 
S, 9.59; found: С, 60.99, 60.96; H, 6.95, 6.96; S, 9.49, 9.40; 
MS: 434.0976 (M +); caled, for C 1 7H 2 3P0SSi: 334.0981. 
Diphenyl(phenyl-trimethylsilylmethyl)phosphine oxide Vn 
The procedure as given for 3g was followed. After chromatography 
(silica gel, ether) and crystallization from ether/CHCl3 pure 
3h was obtained, yield 80%, m.p. 152-153°; IR (KBr): 845, 
1243 cm"1 (SiMe 3); ^-NMR (CDC13): δ 0.05 (s, 9H, SiMe 3), 
3.33 (d, IH, J = 10 Hz, CHSi), 7.00-8.20 (m, 15H, arom.); 
caled, for C 2 2H 2 5SiOP (364.505): C, 72.49; H, 6.91; found: 
С, 72.21, 72.19; H, 6.84, 7.02; MS: 364.1379 (M +); caled. 
for C 2 2H 2 5Si0P: 364.1412. 
Biphenyl(phenylthio-trimethyIsilyInethyDphosphine oxide Ъл 
The procedure as given for 2q was followed. Purification 
by chromatography (silica gel, MeOH/CHCl3/diisopropyl ether) 
and crystallization from ether/CHCl3 gave a yield of 70%, 
m.p. 101-102°; IR (KBr): 848, 1246 cm"1 (SiMe 3); ^-NMR 
(CDC1 3): δ 0.13 (s, 9H, SiMe 3), 3.10 (d, IH, J = 10 Hz, CHSi), 
6.80-8.00 (m, 15H, arom.); caled, for C 2 2H 2 5PS0Si (396.569): 
C, 66.63; H, 6.35; S, 9.09; found: С, 66.98, 67.02; H, 6.16, 
6.25; S, 9.15, 9.32; MS: 324.0720 (M +-C 3H 8Si); caled, for 
C 1 9 H 1 7 0 S P : 3 2 4 · 0 7 3 8 · 
Diethyl (chloro-trimethylsilyl)methylphosphonate 3j 
To a solution of LiCl (0.85 g, 20 mmol) in dry THF (40 ml) 
1.1 equiv. of n-BuLi was added at room temperature under 
nitrogen. At -78° diethyl (chioronethylJphosphonate21 
(3.73 g, 20 mmol) dissolved in dry THF (10 ml) was gradually 
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added. After stirring for 10 min at -78 1.1 equiv. of 
trimethylsilyl chloride was added. The reaction mixture was 
stirred for 1.5 h at room temperature and then poured into 
a saturated aqueous solution of NH^Cl. The organic layer 
was dried over MgSO^ and concentrated. Crude Sj was distilled 
under reduced pressure, b.p. 98-990/2 mm, yield 89%; IR 
(NaCl): 850, 1250 (SiMe 3), 1022, 1250 cm"
1
 [P(0)(OEt )2] ; 
H-NM R (CDC1 3): δ 0.22 (s, 9H, SiMe 3), 1.33 (t, ЗН, 0СН 2СН 3) ; 
3.17 (d, IH, J = 16.8 Hz, CHP), 3.90-4.47 (m, 4Н, 0СН 2СН 3). 
Diethyl 1 -(tvimethylsílyI)ethyIphosphonate Зк 
To a solution of diethyl trimethylsilylmethylphosphonate 
(4.0 g, 18 mmol) in dry THF (70 ml) 1.1 equiv. of я-BuLi 
was added at -78° under nitrogen. After stirring for 1 h at 
room temperature an excess of Mel (1.5 equiv.) was added 
at -78°. The reaction mixture was warmed to room temperature 
and then poured into a saturated aqueous solution of NH.C1. 
The organic layer was dried over MgSO^ and concentrated. 
Distillation under reduced pressure (b.p. 640/0.7 mm) gave 
3.5 g 3k (82%). IR (NaCl): 840, 1245 (SiMe 3), 1025, 1245 
cm"
1
 [P(0)(0Et)¿] , ^ -NHR (CDCI3): δ 0.03 (s, 9H, SiMe 3), 
1.07 (d, IH, J = 13.5 Hz, CHSi), 1.17 (t, 6H, J = 7 Hz, 
0CH 2CH 3), 3.73-4.13 (m, 4H, 0£H 2CH 3); MS: 223.0917 (M
+
-CH 3); 
caled, for C 8H 2 c )0 3PSi: 223.1119. 
Diethyl 2-phenyl-l-triwethylsilyl-ethyIphosphonate 3J 
The procedure as given for 3k was followed. Crude З^  w a s 
distilled under reduced pressure, b.p. 146 /0.9 mm, yield 
80%; IR (NaCl): 840, 1240 (SiMe 3), 1022, 1230 [P (0) (OEt)2] ; 
^-NMR (CDC1 3): δ 0.07 (s, 9H, SiMe 3), 1.00-1.75 (m, 7H, 
CHSiMe 30CH 2C^ 3), 2.47-3.30 (m, 2H, CH 2Ph), 3.57-4.10 (m, 4H, 
0Cjj2CH3), 7.10 (br.s, 5H, Ph); MS: 314.1465; caled, for 
C 1 5 H 2 7 0 3 P S i : 3 1 4 · 1 4 6 7 · 
90 
Di e thy I 2-(2, 43 6-trimethylphenyl)-1-trime thyIsilyZ-ethyЪ-
phosphonate 3m 
The procedure as given for 3k was followed. Chromatography 
(silica gel, chloroform/ether) gave pure 3m, yield 70%; 
IR (NaCl): 850, 1250 (SiMe3), 1030, 1230 cm"
1
 [P(0 ) (OEt )2] ; 
^-NMR (CDC13): 6 0.20 (s, 9H, SiMe3), 1.00 (t, 3H, J = 7 Hz, 
0CH2CH3), 1.15 (t, 3H, J = 7 Hz, 0CH2CH3), 1.15-1.83 (m, IH, 
CHSiMe3), 2.20 (s, 3H, p-CH3), 2.30 (s. 6H, o-CH3), 2.36-
4.10 (m, 6H, 0£Н2СН3, CH2Mes), 6.77 (s, 2H, m-H). 
Diethyl Z-methylthio-l-trimethylsilyl-propylphosphonaie Ът\ 
The procedure as given for 3k was followed. Distillation 
under reduced pressure (b.p. 126-128o/0.9 mm) gave pure 3n, 
yield 60%; IR (NaCl): 842, 1245 (SiMe3), 1025, 1230 cm"
1 
[P(0)(0Et)2] ; ^ -NMR (CDC13): δ 0.08 (s, 9H, SiMe3), 1.23 
(t, 6H, J = 7 Hz, 0СН2СН3), 2.00 (s, 3H, SCH3), 1.00-2.30 
(m, 3H, CH2CHSiMe3), 2.40-2.80 (m, 2H, CH2S), 3.80-4.20 
(m, 4H, 0CH2CH3); MS: 298.1199 (M
+); caled, for CjJH2703PSÍS : 
298.1188. 
Diethyl di (trime thy lei ly I Jrnethy Iphosphonate 3o 
The procedure as given for 3k was followed. Crude 3o was 
distilled under reduced pressure (b.p. 76-78o/0.2 mm), 
yield 85%; IR (NaCl): 842, 1250 (SiMe3), 1024, 1230 cm"1 
[P(0)(0Et)2] ; ^ -NMR (CDC13): δ 0.02 (s. 18H, SiMe3), 0.43 
(d, IH, J = 16.5 Hz, CHSiMe3), 1.07 (t, 6H, J = 7 Hz, 
0СН2СН3), 3.60-4.00 (m, 4H, 0СН2СН3). 
Diethyl 1, ?.-di ( tvimethy Isi ly Dethy Iphosphonate 3p 
The procedure as given for 3k was followed. As alkylating 
reagent iodomethyltrimethylsi 1ane was used. Distillation 
gave pure product ^P > b.p. 83-86o/0.4 mm, yield 76%; IR 
(NaCl): 840, 1240 (ЗіМез), 1025, 1230 cm"1 (P(0)(OEt)2] ; 
^-NMR (CDC13): δ 0.00 (s, 9H, SiMe3), 0.08 (s, 9H, SiMe3), 
0.43-1.17 (m, ЗН, СН5іМе3, CH2SiMe3), 1.22 (t, 6H, J = 7 Hz, 
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0СН 2СН 3), 3.77-4.17 (m, 4Н, ОСН 2СН 3); MS: 295.1300 (М+СН 3); 
caled, for C 1 1H 2 80 3Si 2P: 295.1314. 
Ethyl Л - d i e t h o x y p h o s p h o r y 1 - 3 - t v i m e t h y I s t l y l - o r o p a n o a t e 3q 
The procedure as given for 3k was followed. Distillation 
under reduced pressure gave pure 3q, b.p. 98 /0.1 mm, 
yield 70%; IR (NaCl): 848, 1240 (SiMe 3), 1030, 1240 
[P(0)(0Et)2], 1736 cm"
1
 (C=0); ^-NMR (CDC1 3): δ 0.05 (s, 
9H, SiMe 3), 0.92-1.22 (m, 9H, 0СН 2СН 3), 1.40-2.62 (m, ЗН, 
CHSiMe3, CH 2C0 2Et), 3.67-4.17 (m, 6H, 0£Н 2СН 3). 
DiphenyI(i-trimethyIsilylethyI)phosphine oxide 3r 
The procedure as given for 3k was followed. Crystallization 
from diisopropyl ether/chloroform gave 3r, m.p. 160-168 
( d e c ) , yield 76%; IR (KBr): 840, 1246 cm"1 (SiMe 3); ^-NMR 
(CDC1 3): δ 0.03 (s, 9H, SiMe 3), 1.20 and 1.28 (d, ЗН, 
J = 7 Hz, C H 3 ) , 1.60-2.03 (m, IH, CHSiMe 3), 7.20-8.00 (m, 
Ю Н , arom.); caled, for C 1 7H 2 3P0Si (302.434): С, 67.51; H, 
7.67; found: С, 67.38, 67.47; H, 7.68, 7.66; MS: 302.1217 
(M +); caled, for C 1 7H 2 3P0Si: 302.1256. 
Diphenyl(2-phenyl-l-brimethyIsilylethyIiphosphine oxide 3z 
The procedure as given for 3k was followed. Crystallization 
from ether gave pure 3s, yield 80%, m.p. 115-117.5°; IR 
(KBr): 842, 1250 cm"1 (SiMe 3); ^-NMR (CDC1 3): 6-0.01 
(s, 9H, SiMe 3), 2.10-2.40 (m, IH, CHSiMe^, 2.90-3.20 (m, 
2H, £H 2Ph), 6.90-8.10 (m, 15H, arom.); caled, for C23H27SiP0 
(378.532): C, 72.98; H, 7.19; found: C, 72.57, 72.80; H, 7.04, 
7.18; MS: 378.1588 (M +); caled, for C23H27SiP0: 378.1569. 
DiethoxyphosphoryI(phenyl)sul fine 5a 
To a solution of diethyl benzylphosphonate (6.8 g, 0.03 mol) 
in THF (200 ml) 1.1 equiv. of n-BuLi was added at -78° 
under nitrogen. After stirring for 15 nin at room temperature 
1.1 equiv. of tri methyl silyl chloride (3.3 g) was added at 
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-78°. After stirring for 0.5 h at room temperature again 
1.1 equiv. of n-BuLi was added at -78°. The thus-obtained 
solution of the α-silyl carbamon was added to an excess 
of S0 2 dissolved in THF (10 ml) at -78°. After stirring at 
room temperature for 1 h the reaction mixture was poured 
into a saturated aqueous NH.C1 solution. The organic layer 
was separated, dried over MgSO. and concentrated. The crude 
sulfine 5a was purified by chromatography (silica gel, 
ether). Yield 65%. When was started with the isolated 3a the 
yield of sulfine 5a was 70%. IR (NaCl): 1015, 1250 
[P(0)(0Et) 2], 1130 cm"
1
 (C=S=0); ^ - N M R (CDCI3): δ 1.31 
(t, 6H, J = 7.5 Hz, 0 C H 2 C H 3 ) , 3.95-4.35 (m, 4H, 0 £ H 2 C H 3 ) , 
7.28-7.45 (m, 3H, arom.), 7.87-8.00 (m, 2H, aron.), MS: 
274.0436 ( M + ) ; caled, for ( ^ Н ^ З О д Р : 274.0431. 
DiethoxyphosphoryL(ß-naphthyl)чмI fine 5b 
The procedure as given for 5a was followed. Yield 70%. 
When isolated _3b was used as starting material the yield 
of 5b was 75%. IR (KBr): 1015, 1257 (Ρ(0 ) (OEt )2] , 1145 
cm"
T
 (C=S=0); ^ - N M R (CDC1 3): 6 1.17 (t, 6H, J = 7 Hz, 
0 C H 2 C H 3 ) , 3.83-4.23 (m, 4H, 0 C H 2 C H 3 ) , 7.20-7.90 (π, 7H, 
arom.); caled, for C 1 5 H 1 7 0 4 S P (324.335): C, 55.55; H, 5.28; 
found: C, 55.77, 55.47; H, 5.29, 5.05; MS: 324.0602 ( M + ) ; 
caled, for C 1 5 H 1 7 0 4 S P : 324.0595 
Diethoxyphosvhory1(2,S-dzmethylphenyl)sulfbne Sc 
The procedure as given for 5a was followed. Yield 61%. When 
isolated 3c was used as starting material the yield of 5^c 
was 72%. IR (NaCl): 1018, 1257 [P(0)(OEt )2] , 1130, 1150 cm"
1 
(C=S=0); ^-NMR (CDC1 3): δ 1.22 (t, 6H, J = 7.0 Hz, 0 C H 2 C H 3 ) , 
2.22 (s, 3H, C H 3 ) , 2.28 (s, 3H, C H 3 ) , 3.85-4.25 (m, 4H, 
0 C H 2 C H 3 ) , 6.80-7.13 (m, 3H, arom.); MS: 302.075 ( M
+ ) ; 
caled, for C 1 3 H 1 9 0 4 S P : 302.0742. 
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Di e t ho xy phosphor у Ъ ( 2 -me thy IphenyUsulfinp S_d 
The procedure as given for 5^a was followed. Yield 72%. 
IR (NaCl): 1015, 1253 [P(0)(OEt )2] , 1132 cm"
1
 (C = S = 0); 
^-NMR (CDC1 3): δ 1.33 (t, 6H, j = 7.0 Hz, 0CH 2C^ 3), 2.38 
(s, 3H, m-CH 3), 4.00-4.40 (m, 4H, 0CH 2CH 3), 7.10-8.00 (m, 
4H, arom.); MS: 288.0577 (M+); caled, for C 1 2H 1 70 4SP: 
288.0585. 
Diethoxyphoephoryl (phenylthio) sul fine 5^e 
The procedure as given for ^ а was followed. The crude 
sulfine was crystallized from benzene/hexane at -30 ; 
yield 41%, m.p. 43-51°; IR (NaCl): 1020, 1245 f Ρ(0)(OEt)2] , 
1110 cm"1 (C=S=0); ^ -NMR (CDCI3): δ 1.29 (t, 6H, J = 7.5 
Hz, 0CH 2£H 3), 3.71-4.11 (m, 4H, 0CH 2CH 3); caled, for 
C 1 1 H 1 5 0 4 P S 2 : C' 4 3 · 1 3 ' ' H' 4.94; S, 20.93; P, 10.11; found: 
C, 43.0; H, 5.1; S, 20.5; P, 10.0. 
Diethoxyphosphor y I(me thy Ithio)sulfine 5/ 
The procedure as given for 5a was followed. Yield of crude 
sulfine 72%. Sulfine 5f decomposed during chromatography 
over silica gel or florisil. IR (NaCl): 1020, 1250 
[P(0)(0Et)2), 1115 cm"
1
 (C=S=0); ^ -NMR (CDC13): δ 1.33 
(t, 6H, J = 7.5 Hz, 0CH 2CH 3), 2.70 (s, 3H, SCH 3), 3,96-4.36 
(m, 4H, 0CH 2CH 3); MS: 243.9991 (M
+); caled, for C g H ^ S ^ P : 
243.9993. 
Diphenylphosphoryl(methylthio)sulfine 5^g 
The procedure as given for 5^a was followed. Crystallization 
from chioroform/ether/n-hexane mixture. Yield starting 





 (P=0); ^-NMR (CDC13): δ 2.62 (s, 3H, SCH 3), 7.30-8.00 
(m, Ю Н , arom.); MS: 308 (M +); caled, for C 1 4H 1 3S 20 2P: 
С, 54.53; H, 4.25; found: С, 54.50, 54.31; H, 4.34, 4.30. 
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Dtphenylphosphoryl(phenyl)sulfine bh 
The procedure as given for 5^a was followed. Crystallization 
from chi oroform/pentane gave pure 5^ h. The yield, starting 
from 3h, was 83%, m.p. 171-174°; IR (KBr): 1185 (P=0), 
1134 cm"1 (C = S=0)·, ^-NMR (CDC1 3): δ 6.50-7.67 (m, arom.); 
MS: 338 (M +); caled, for C i gH 1 5P0 2S: C, 67.44; H, 4.47; 
found: C, 67.00; H, 4.38. 
DiphenylphosphoryI(phenylthio)sul fine b\ 
The procedure as given for 5^a was followed. Crystallization 
from chi oroform/petr.ether 60-80. The yield, starting from 
3i , was 60%, m.p. 129.5-131°; IR (KBr): 1098 (C = S = 0 ) , 1208 
cm"
1
 (P=0); iH-NMR (CDC1 3): δ 7.00-8.00 (m, arom.); MS: 
370 (M +); caled, for C 1 9
H
1 5
P S 2 0 2 : C' 61-61; H, 4.08; found: 
C, 61.63, 61.73; H, 4.30, 4.27. 
Di e thoxy phosphor y I (methyl) sul fin e Ъ . 
The procedure as given for 5^ a, starting from Ък, was 
followed. Crude 5^k was purified by chromatography (silica 
gel, ether). Yield 45% of a viscous oil. IR (NaCl): 1020, 
1260 [P(0)(0Et)2], 1100 cm"
1
 (C=S=0); ^-NMR (CDC1 3): 
δ 1.28 (t, 6H, J = 7.0 Hz, 0CH 2CH 3), 2.20 (d, 3H, J = 14 
Hz, CH-j), 3.90-4.30 (m, 4H, 0CJH2CH3). 
Die thoxy phosphor y I (benzyl ) sul fine 5^1 
The procedure as given for 5a, starting from У\ , was 
followed. Crude 5^1 was purified by chromatography (silica 
gel, ether). Yield 60% (viscous oil). IR (NaCl): 1025, 
1255 [P(0)(OEt)2] , 1100 cm"
1
 (C = S = 0 ) ; ^-NMR (CDC1 3): 
δ 1.17 (t, 6H, J = 7.0 Hz, 0CH 2C^ 3), 3.67-4.17 (m, 4H, 
0CH 2CH 3), 4.10 (d, 2H, J = 19.0 Hz, CH 2Ph), 7.27 (br.s, 
5H, arom.); MS: 288.0590 (M +); caled, for C 1 2 H 1 7 0 4 P S : 
288.0585. 
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Diethoxyphosphory I ( 2, 4, B-trimethy IbenzyUsulfine Sm 
The procedure as given for 5^ a, starting from 3m, was followed. 
Crude 5m was purified by chromatography (silica gel, ether). 
Yield 24%. IR (NaCl): 1020, 1259 [P(0)(OEt ) 2 ] , 1108 cm"
1 
(C=S=0); ^ - N M R (CDCI3): δ 1.10 (t, 6H, J = 7.0 Hz, 0 C H 2 C H 3 ) , 
2.22 (s, 3H, P-CH3), 2.29 (s, 6H, 0-CH3), 3.40-4.10 (m, 4H, 
0 C H 2 C H 3 ) , 4.17 (d, 2H, J = 17.0 Hz, CH 2Mes), 6.77 (s, 2H, 
m - H ) ; MS: 330.1035 ( M + ) ; caled, for C ^ H ^ O ^ P : 330.1055. 
Diethoxyphosphory I(2-methyIt hi о e thy I)sul fine 5n 
The procedure as given for 5a, starting from 3η, was followed. 
Crude 5n (65%) was purified by chromatography (silica gel, 
ether). Yield 32%. IR (NaCl): 1010, 1253 [P(0) (OEt )2] , 1100 
c m " 1 ( C = S = 0 ) ; ^ - N M R ( C D C I 3 ) : 6 1.38 ( t , 6 H , 0 С Н 2 С Н з ) , 
2 . 1 7 ( s , 3 H , S C H 3 ) , 2 . 5 7 - 3 . 3 3 ( m , 4 H , CJH2CH2SCH3 ) , 4 . 0 0 - 4 . 4 0 
( m , 4 H , 0 С Н 2 С Н з ) . 
Diphenylphosphory I (methyl) sul fine 5^r 
The procedure as given for 5^ a, starting from 3r, was followed. 
Crude sulfine 5^ r was purified by chromatography (silica gel, 
ether) giving a viscous oil (yield 71%). IR (NaCl): 1090 
(C=S=0), 1195 cm" 1 (P=0); ^-NMR (CDC1 3): 6 2.40 (d, 3H, 
J = 18.0 Hz, CH3), 7.40-8.00 (m, 10H, arom.); MS: 276.0330 
( M + ) ; caled, for C ^ H ^ O ^ S : 276.0312. 
Dip he nylp hasp hor y I (benzyl ) sul fine 5^5 
The procedure as given for 5^ a, starting from 3s, was followed. 
Crude sulfine 5s was purified by chromatography (silica gel, 
ether) with considerable loss of material (30%). Crystallizat­
ion from chioroform/pentane, m.p. 111-112.5°; IR (KBr): 
1197 (P=0), 1100 cm" 1 (C=S = 0 ) ; ^ - N M R (CDCI3): <5 4.28 (d, 
2H, J = 15.0 Hz, CH 2 P h ) , 6.90-7.80 (m, 10H, arom.); MS: 
352 ( M + ) ; caled, for C 2 0 H 1 7 P S 0 2 : C, 68.17; H, 4.86; S, 9.10; 




A solution of sulfine 5^a (2.0 g, 7.3 mmol) and 2,3-dimethyl -
1,3-butadiene (4 ml) in CHCI3 (5 ml) was stirred at room 
temperature during one week in the dark. After evaporation 
of excess of dimethylbutadiene and purification by 
chromatography (silica gel, methanol/chioroform/diisopropyl 
ether) 6a was obtained (2.1 g, 80%). Crystallization from 
ether gave pure product: m.p. 55-57°; IR (KBr): 1015, 1250 
[P(0)(0Et)2], 1068 cm"
1
 (S=0); ^-NMR (CDCI3): δ 1.24 (t, 
6H, J = 7.0 Hz, OCH 2CH 3), 1.38 (br.s, 3H, CH3), 1.78 (br.s, 
3H, C H 3 ) , 3.80-4.33 (m, 4H, 0CH 2CH 3), 7.20-7.70 (m, 5H, 
arom.), 2.43-3.40 (m, 4H, remaining protons); MS: 356.1236 
(M +); caled. for C 1 7H 2 5S0 4P: 356.1211; caled, for C 1 7H 2 5S0 4P 




A solution of sulfine 5^b (1.0 g, 3.1 mmol) and 2 ,3-di methyl-
1,3-butadiene (4 ml) in CHC1 3 (5 ml) was stirred at 70° 
during one week in the dark. Evaporation of voletiles and 
chromatography (silica gel, ethyl acetate/ether) gave б^ Ь. 
Yield 0.3 g (23%). Crystallization from chloroform/ether 
gave pure 6b, m.p. 154.5-155.5°; IR (KBr): 1020, 1240 
[P(0)(0Et)2], 1050 cm"
1
 (S=0); ^-NMR (CDCI3): δ 0.60 (t, 
3H, J = 7.0 Hz, 0CH 2CH 3), 1.15 (t, 3H, J = 7.0 Hz, 0CH2CJH3), 
1.73 (br.s, 3H, C H 3 ) , 1.87 (br.s, 3H, C H ? ) , 7.20-7.80 (m, 
6H, arom.), 8.70-8.90 (m, IH, arom.), 2.66-4.40 (m, 8H, 
remaining protons); caled, for C2,H270/,SP (426): C, 62.05; 
H, 6.70; found: C, 62.12, 61.89; H, 6.83, 6.72. 
2-Diethoxyphosphory1-3,6-dihydro-4,S-dimethy1-2-(3-methyl-
phenyl ) -2H-thiapyran-l -oxide 6_d 
The procedure as given for 6^a was followed. After 
chromatography 6d was obtained in 86% yield as a viscous 
oil. IR (NaCl): 1020, 1248 [P(0)(OEt^], 1065 cm - 1 (S=0); 
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ІН-NMR (CDC13): δ 1.25 (t, 6H, J = 7.0 Hz, 00Η2£Η3), 1.58 
(br.s, ЗН, СН 3), 1.80 (br.s, ЗН, СНз), 2.37 (s, ЗН, т-СН 3), 
3.67-4.37 (m, 4Н, 0СН2СН3), 7.00-7.53 (m, 4Н, arom.), 
2.50-3.50 (m, 4Н, remaining protons); MS: 370.1374 (M +); 
caled, for C 1 8H 2 70 4SP: 370.1368. 
?.-Di e thoxy phosphor у 1-3, 6-dbhydro-4, ο-dime thy 1-2 -phenyl thi о -
2H-thiapyran-l-oxide 6e 
The procedure as given for 6a was followed. Crystallization 
from chioroform/diisopropyl ether gave pure 6e (yield 76%), 
m.p. 80-85°; IR (KBr): 1020, 1248 [P(0 ) (OEt )2] , 1072 cm"
1 
(S=0); ^-NMR (CDC13): δ 1.05 (br.s, ЗН, CH3), 1.27-1.50 
(m, 6H, 0CH2CH3), 1.63 (br.s, 3H, CH 3), 4.00-4.73 (m, 4H, 
0CH2CH3), 7.10-7.90 (m, 5H, arom.), 1.50-4.10 (m, 4H, 




The procedure as given for 6a was followed. After 
chromatography (silica gel, methanol/chloroform/diisopropyl 
ether) 6f was obtained as a viscous oil. Yield 72%; IR (NaCl): 
1020, 1250 [P(0)(0Et)2], 1065 cm"
1
 (C=S=0); ^-NMR (CDCI3): 
δ 1.38 (t, 6H, J = 7.0 Hz, О С Н ^ з ) , 1.73 (br.s, 6H, CH 3), 
2.50 (s, 3H, SCH3), 4.10-4.57 (m, 4H, 0CH2CH3), 1.60-3.00 
and 3.30-3.95 (m, 4H, remaining protons); MS: 326.0799; 
caled, for С 1 0Н 2з0 45 2Р: 326.0776. 
3, 6-Dihydro-4,S-dimethyl-2-methylthio-2-diphenylphosphoryl-
2H-thiapyran-l-oxbde 6^g 
The procedure as given for 6a was followed. Chromatography 
(silica gel, methanol/chloroform/diisopropyl ether) and 
crystallization from chioroform/ether/pentane gave pure 6g 
in 78% yield, m.p. 146-147°; IR (KBr): 1059 (S=0), 1181 
cm"
1
 (P=0); ^-NMR (CDC13): δ 1.55 (br.s, 3H, CH 3), 1.67 
98 
( b r . s , ЗН, СНз), 2.05 ( s , ЗН, SCH3), 7 . 2 0 - 8 . 4 5 (m, Ю Н , 
a r o m . ) , 2 . 3 7 - 2 . 9 0 and 3 . 3 8 - 3 . 9 3 (m, 4H, r e m a i n i n g p r o t o n s ) ; 
c a l e d , f o r C 2 0 H 2 3 S 2 0 2 P ( 3 9 0 . 5 0 ) : С, 6 1 . 5 2 ; H, 5 . 9 4 ; S, 1 6 . 4 2 ; 
f o u n d : С, 6 1 . 7 8 , 6 1 . 7 6 ; H, 5 . 9 8 , 5 . 9 9 ; S, 1 6 . 5 0 , 1 6 . 5 2 . 
3j 6-DihydïO-4, 5-dbmethyl-2-phenyl-?,-diphenylphosphoryl-
BH-thiapyran-l-oxide 6_h 
The procedure as g iven f o r f^ a was f o l l o w e d . C r y s t a l l i z a t i o n 
from c h l o r o f o r m / e t h e r gave 6^h i n 82% y i e l d , m.p. 180 -183° ; 
IR ( K B r ) : 1045 ( 5 = 0 ) , 1175 cm"1 (P=0 ) ; ^-NMR (CDC13) : 
б 1.45 ( b r . s , 3H, C H 3 ) , 1.60 ( b r . s , 3H, C H 3 ) , 7 . 1 0 - 8 . 0 0 
(m, 15H, a r o m . ) , 2 . 5 7 - 3 . 3 0 (m, 4H, r e m a i n i n g p r o t o n s ) ; 
c a l e d , f o r C 2 5 H 2 5 0 2 S P ( 4 2 0 . 5 1 ) : C, 7 1 . 4 1 ; H, 5 . 9 9 ; S, 7 . 6 3 ; 
f o u n d : C, 7 1 . 3 5 , 7 1 . 3 1 ; H, 6 . 0 7 , 6 . 0 3 ; S, 7 . 6 5 , 7 . 4 9 . 
3, 6-Dihydro-43 S-dimethyl-S-diphenylphosphoryl-P.-phenylthio-
2H-thiapyi'an-l-oxide 6І 
The p r o c e d u r e as g iven f o r 6a was f o l l o w e d . Chromatography 
( s i l i c a g e l , m e t h a n o l / c h i o r o f o r m / d i i s o p r o p y l e t h e r ) and 
c r y s t a l l i z a t i o n f r o m c h i o r o f o r m / e t h e r / p e n t a n e gave 6i i n 
71% y i e l d , m.p. 1 7 6 - 1 7 7 ° ; IR ( K B r ) : 1058 ( S = 0 ) , 1190 c m " 1 
( P = 0 ) ; ^-NMR (CDC1 3 ) : 6 0.83 ( b r . s , 3H, C H 3 ) , 1.47 ( b r . s , 
3H, C H 3 ) , 7 . 0 0 - 8 . 6 0 (m, 15H, a r o m . ) , 2 . 4 3 - 2 . 7 3 and 3 . 3 8 - 4 . 1 7 
(m, 4H, r e m a i n i n g p r o t o n s ) ; c a l e d , f o r CocHocSpO^P ( ^ 5 2 . 5 8 ) : 
C, 6 6 . 3 5 ; H, 5 . 5 7 ; S, 1 4 . 1 7 ; f o u n d : C, 6 6 . 7 1 ; H, 5 . 6 3 ; 
S, 1 4 . 2 0 . 
2-Chloro-2-diethoxyphosphory1-3, 6-dihydro-4,b-dimethyl-
2H-thiapyran-l-oxide 6j 
To a s o l u t i o n of 3j ( 2 . 0 g , 7.7 mmol) and L i C l ( 2 . 0 g) 
i n THF (50 ml) 1.1 e q u i v . o f n-BuLi was added under n i t r o g e n . 
A f t e r s t i r r i n g f o r 1 h a t -78° t h i s r e a c t i o n m i x t u r e was 
added t o an excess of s u l f u r d i o x i d e i n THF (10 m l ) . At 
room t e m p e r a t u r e an excess o f 2 , 3 - d i m e t h y l - 1 , 3 - b u t a d i e n e 
was added and then the m i x t u r e was s t i r r e d o v e r n i g h t . 
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The solution was poured into a saturated aqueous NH.Cl 
solution, the organic layer was separated, dried over MgSO. 
and concentrated. The crude product was purified by 
chromatography (silica gel, ethyl acetate/ether) and 
crystallized from ether/hexane. Yield 0.9 g (37%), m.p. 
91-93°; IR (KBr): 1010, 1260 [Ρ(0 ) (OEt )2] , 1080 cm"
1
 (S = 0 ) ; 
^-NMR (CDC1 3): & 1.40 (t, 6H, J = 7.5 Hz, 0 C H 2 £ H 3 ) , 1.70 
(br.s, 3H, CH3), 1.73 (br.s, 3H, C H 3 ) , 4.10-4.57 (m, 4H, 
O C ^ C H , ) , 2.77-3.20 and 3.43-3.63 (m, 4H, remaining protons); 
caled, for C 1 1 H 2 0 0 4 S C 1 P (314.5): C, 41.97; H, 6.40; S, 10.19; 
found: C, 41.87, 42.02; H, 6.44, 6.45; S, 10.15, 10.33. 
S-Diethoxyphosphory1-3,6-dihydro-234,5-trimethyl-2H-thiapyran-
l-oxide bW 
The procedure as given for 6a was followed. After chromatography 
(silica gel, methanol/chloroform/ether ) 6k was obtained in 
91% yield; IR (NaCl): 1020, 1240 [P(0) (OEt )2] , 1054 cm"
1 
(5=0); ^-NMR (CDCI3): δ 1.20 (t, 6H, 0 C H 2 £ H 3 ) , 1.35 (d, 3H, 
J = 16.0 Hz, CH 3CP),1.60 (s, 6H, C H 3 ) , 3.87-4.27 (m, 4H, 
0 C H 2 C H 3 ) , 2.13-2.65 and 3.00-3.57 (m, 4H, remaining protons); 
MS: 294.1051 ( M + ) ; caled, for C 1 2 H 2 3 0 4 P S : 294.1055. 
2-Benzyl-2-diethoxyphosphory1-3, 6-dihydro-4,5-dimethyl-
2H-thiapyran-l-oxide 61 
The procedure as given for 6^a was followed. After chromatography 
(silica gel, methanol/chloroform/ether) 61 was obtained in 
95% yield; IR (NaCl): 1025, 1244 [P(0)(OEt)2] , 1050 cm"
1 
(S=0); ^ -NMR (CDC1 3): δ 1.07 (t, 3H, J = 7.0 Hz, 0 C H 2 C H 3 ) , 
1.22 (t, 3H, J = 7.0 Hz, 0 C H 2 C H 3 ) , 1.73 (br.s, 6H, C H 3 ) , 
3.70-4.33 (m, 4H, 0 C H 2 C H 3 ) , 7.00-7.45 (m, 5H, arom.), 
2.27-3.70 (m, 6H, remaining protons); MS: 370.1386 ( M + ) ; 




The procedure as given for 6a was followed. After chromatography 
(silica gel, methanol/chloroform/ether) 6n was obtained in 
93% yield. IR (NaCl): 1018, 1240 [P(0)(OEt )2] , 1040 cm"
1 
(S=0); ^ - N M R (CDC1 3): δ 1.33 (t, 6H, J = 7.0 Hz, 0 C H 2 C H 3 ) , 
1.77 (br.s, 6H, CH3), 2.12 (s, 3H, S C H 3 ) , 3.97-4.37 (m, 
4H, 0 C H 2 C H 3 ) , 1.83-3.00 and 3.10-3.70 (m, 8H, remaining 
protons); MS: 354.1105 (M+)·, caled, for C 1 4 H 2 7 P 0 4 S 2 : 354.1089. 
Ζ,6-Dihydro-2, 4, 5-trimethyl-2-dipkenylphosphoryl-2H-thbapyr'an-
l-oxide 6r 
The procedure as given for б^а was followed. After chromatography 
(silica gel, methanol/chloroform/ether) 6r was obtained in 
80% yield. IR (NaCl): 1043 (S=0), 1185 cm" 1 (P=0); ^ - N M R 
(CDC1 3): δ 1.43 (d, 3H, J = 14.5 Hz, CH3), 1.63 (br.s, 6H, 
C H 3 ) , 7.20-8.25 (m, 10H, arom.), 2.50-2.77 and 3.25-3.35 
(m, 4H, remaining protons); MS: 358.1145 ( M + ) ; caled, for 
C 2 0 H ? 3 0 2 P S : 3 5 8 · 1 1 5 6 · 
2-Benzyl-3,6-dihydro-41b-dimethyl-2-diphenylphosphoryl-2H-
thiapyran-l-oxide 6^s 
The procedure as given for б^а was followed. Chromatography 
(silica gel,ethyl acetate) and crystallization from 
chloroform/di i sopropyl ether gave pure 6^s in 79% yield, 
m.p. 166-168°; IR (KBr): 1041 (S=0), 1183 cm" 1 (P=0); 
^ -NMR (CDC1 3): δ 1.23 (br.s, 3H, C H 3 ) , 1.50 (br.s, 3H, 
C H 3 ) , 6.90-8.50 (m, 15H, arom.), 2.40-2.90 and 3.10-3.57 
(m, 6H, remaining protons); caled, for C.gH^O-SP: C, 71.87; 
H, 6.24; found: C, 71.62; H, 6.37. 
(DiethoxyphosphoryI)(phenyl)methyl methyl sulfoxide Та 
To a solution of diethoxyphosphoryl(phenyl)sulfi ne ^ а 
(6.1 g, 22.3 mmol) in THF (75 ml) 1.1 equiv. of MeLi was 
added at -78°. After stirring for 1 h at -78° the reaction 
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mixture was poured into a saturated aqueous NH.C1 solution. 
The organic layer was separated, dried over MgSO^ and 
concentrated. Crystallization from ether/pentane gave _7a 
(6.0 g, 92%) as a mixture of di astereomers, m.p. 85-98°; 
IR (KBr): 1025, 1250 [P(0)(OEt)2], 1050 cm"
1
 (S=0); ^-NMR 
(CDC1 3): δ 1.05-1.50 (m, 6H, OCH C ^ 3 ) , 2.38 and 2.58 [s, 
CH 3, CH 3S(0)], 3.80-4.50 (m, 5H, 0CH 2CH 3 and СНР), 7.38 
(br.s, 5Н, arom.); caled, for C 1 2H i gS0 4P (290.318): С, 49.65; 
H, 6.60; found: С, 49.77, 49.78; H, 6.62, 6.67. 
η-Butyl (diethoxyphosphoryI)(phenyDmethyI sulfoxide 7b 
The procedure as given for ]_a was followed. After chromatography 
(silica gel, benzene/methanol/acetone/diisopropyl ether) _7b 
was obtained in 72% yield as a colourless viscous oil. 
IR (NaCl): 1025, 1250 (P(0)(0Et)2], 1050 cm"
1
 (S=0); ^-NMR 
(CDC1 3): 6 0.60-2.00 (m, 13H, OCHjCH^ and CH2C3H7), 2.10-2.80 
(m, 2H, C H 2 C 3 H 7 ) , 3.20-4.40 (m, 5H, 0CH 2CH 3 and CHP), 7.50 
(br.s, 5H, arom.); MS: 316.1235 (M +-0); caled, for C 1 5 H 2 5 0 3 P S : 
316.1263. 
(Diethoxyphosphoryl)(phenyI)methy I 1-methylpvopyl sulfoxide 7c 
The procedure as given for _7a was followed. After chromatography 
(silica gel, benzene/methanol/acetone ) 7_c was obtained in 
59% yield as a viscous oil which crystallized on standing, 
m.p. 51-58°; IR (KBr): 1025, 1250 [P(0) (OEt )2] , 1065 cm"
1 
(S=0); ^-NMR (CDC1 3): δ 0.60-3.00 (m, 15H, 0CH 2£H 3 and C 4 H g ) , 
3.30-5.00 (m, 5H, 0CH 2CH 3 and СНР), 7.30-7.50 (m, 5Н, arom.); 
MS: 332 (M+)·, caled, for C 1 5H 2 5S0 4P: С, 54.20; H, 7.58; 
found: С, 53.96; H, 7.49. 
(Dipheny Iphosphory I ) (pheny I )methy I methyl sulfoxide 7_e 
The procedure as given for T^a was followed. After chromatography 
(silica gel, ethyl acetate) and crystallization (chloroform/ 
diisopropyl ether) pure 7e was obtained in 82% yield, m.p. 
174-176°; IR (KBr): 1052 (S=0), 1175 cm"1 (P=0); ^-NMR 
(CDC1 3): 6 2.47 and 2.58 (s, 3H, C H 3 ) , 4.47 and 4.88 (d, IH, 
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J = 7.5 Hz, CHP), 7.10-8.10 (m, 15Н, arom.); MS: 354 ( M + ) . 
n-Butyl (diphenylphosphoryl) (phenylJmethyl sulfoxide 7_f 
The procedure as given for T^a was followed. By chromatography 
(silica gel, ethyl acetae) the two diastereomers could be 
isolated separately. After crystallization from ether/ 
chloroform both isomers were obtained analytically pure 
(total yield 82%). 
Diastereomer a: m.p. 175-176°; IR (KBr): 1070 (S=0), 1190 
cm"
1
 (P=0); ^ - N MR (CDC1 3): δ 0.83 (t, 3H, J = 7.0 Hz, 
C 3 H 6 C H 3 ) , 1.10-3.20 (m, 6H, CjHgCH^, 4.93 (d, IH, J = 7.0 
Hz, CHP), 7.00-8.10 (m, 15H, arom.); caled, for C 2 3 H 2 5 P S 0 2 
(396.489): C, 69.67; H, 6.36; found: C, 69.57, 69.75; 
H, 6.46, 6.46. 
Diastereomer b: m.p. 186-188°; IR (KBr): 1045 (S=0), 1190 
cm"
1
 (P=0); 1H-NMR (CDC1 3): б 0.80 (t, 3H, 7.0 Hz, C 3 H 6 C H 3 ) , 
1.10-2.73 (m, 6H, C 3 H 6 C H 3 ) , 4.43 (d, IH, J = 10 Hz, CHP), 
7.10-8.00 (m, 15H, arom.); caled, for C 2 3 H 2 5 S P 0 2 (396.489): 
C, 69.67; H, 6.36; found: C, 69.39; H, 6.34. 
Synthesis of a, ^-unsaturated sulfoxide (9a-e). General 
Procedure A 
To a solution of (diethoxyphosphoryl)(phenyl)methyl methyl 
sulfoxide 7a (2.5 g, 8.6 mmol) in THF (100 ml) n-BuLi 
(1.05 quiv.) was added at -78°. After stirring for 1 h at 
-78° a solution of the carbonyl compound (10 mmol) in THF 
(20 ml) was added at -78° and the reaction mixture was 
stirred for 15 min at this temperature. The mixture was 
warmed to room temperature, stirred overnight, and then 
poured into a saturated aqueous NH.C1 solution. The organic 
layer was dried (MgSO«) and concentrated in vacuo to afford 
the crude sulfoxide 9. 
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Synthesis of a, ^-unsaturated sulfoxides (9a-g). General 
Procedure В 
To a solution of diethoxyphosphoryl (phenyl )sul f i ne 5^a 
(3.0 g, 10.9 mmol) in THF (100 ml) alkyl1 ithium (1.05 equiv.) 
was added at -78°. Then Procedure A was followed to give 
sulfoxides 9. 
1-Me thylsulfinyl-1,2-diphenylethene (9a) 
The crude product which was obtained as a mixture of E-
and Z-isomers, was purified by chromatography (silica gel, 
benzene/acetone/ethyl acetate) and crystallization (ether/ 
hexane), m.p. 52.5-55°; IR (KBr): 1066 cm" 1 (S=0); ^ - N M R 
(CDC1 3): δ 2.35 (br.s, 3H, C H 3 S 0 ) , 7.00-7.50 (m, 11H, arom. 
olif.); MS caled, for C 1 5 H 1 4 S 0 : 242.0765; found: m/e 
242.0759 ( M + ) ; Anal, caled, for C 1 5 H 1 4 S 0 : C, 74.34; H, 5.82; 
found: C, 74.26; H, 5.79. 
1-Me thylsulfinyl-l-phenyl-2-(4-methylphenyl)ethene (9b) 
The crude product (a mixture of E- and Z-isomers) was 
chromatographed (silica gel, benzene/methanol/acetone/di-
isopropyl ether) giving the isomeric mixture; H-NMR (CDCl,): 
δ 2.18, 2.23 (s, ЗН, C H 3 C 6 H 4 ) , 2.33, 2.36 (s, ЗН, C H 3 S 0 ) . 
Crystallization from ether/hexane gave one isomer pure, 
m.p. 82.5-84°; IR (KBr): 1063 cm" 1 (S=0); ^ - N M R (CDClj): 
δ 2.18 (s, ЗН, C H 3 C 6 H 4 ) , 2.33 (s, ЗН, C H 3 S 0 ) , 6.73-7.53 
(m, Ю Н , arom., olif.); MS caled, for CjgHjgSO: 256.0922; 
found: m/e 256.0918 ( M + ) ; Anal, caled, for C 1 6 H 1 6 S 0 : C, 
74.96; H, 6.29; found: C, 75.01; H, 6.29. 
1-Me thy Isul finy I-1-phenyl-?,- ( 4-N_, N- dime thy laminopheny I) -
ethene (9^ c) 
The crude product (a mixture of E- and Z-isomers) was 
chromatographed (silica gel, benzene/methanol/acetone/di-
isopropyl ether) giving the isomeric mixture; H-NMR (CDCl.,): 
δ 2.32, 2.38 (s, ЗН, C H 3 S 0 ) , 2.83, 2.93 (s, 6H, C H 3 N ) . 
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Crystallization from chioroform/ether/hexane gave one 
isomer pure, m.p. 116.5-118°; IR (KBr): 1058 cm"1 (S=0); 
^-NMR (CDC1 3): б 2.32 (s, 3H, CH 3S0), 2.83 (s, 6H, CH 3N), 
6.40 and 7.02 (AB system, 4H, J A B = 9.0 Hz, arom.), 7.07 
(s, IH, HC=C ), 7.33 (br.s, 5H, arom.); Anal, caled, for 
C 1 7H 1 9SN0: С, 71.54; H, 6.71; Ν, 4.91; found: С, 71.48; 
Η, 6.75; Ν, 4.90. 
1-Methylsu Ifinyl-l-phenyl-?,- ( 4-methoxypheny I) ethene (£d ) 
The crude product (a mixture of E- and Z-isomers) was 
chromatographed (silica gel, benzene/acetone/methanol ) 
giving the isomeric mixture; ^-NMR (CDC1 3): δ 2.38, 2.41 
(s, 3H, CHjSO), 3.72, 3.80 (s, ЗН, 0СН 3). Crystallization 
from ether/hexane gave one isomer pure: m.p. 119.5-120.5°; 
IR (KBr): 1062 cm"1 (5=0); ^-NMR (CDC1 3): δ 2.38 (s, ЗН, 
CH 3S0), 3.72 (s, ЗН, 0СН 3); MS caled, for C 1 6 H 1 6 0 2 S : 
272.0871; found: 272.0879 (M +); Anal, caled, for C 1 6 H 1 6 0 2 S : 
C, 70.56; H, 5.92; found: C, 70.56; H, 5.96. 
l-MethylsulfinyI-1-phenyl-2-(2,4, ß-trimethylphenyl)ethene (9e) 
The crude product was purified by chromatography (silica gel, 
methanol/chioroform/diisopropyl ether) and crystallized 
from ether/hexane giving one pure isomer, m.p. 119-120°; 
IR (KBr): 1060 cm"1 (S=0); ^H-NMR (CDC13): 6 2.03 (s, 3H, 
p-CH 3), 2.05 (s, 6H, o-CH 3), 2.42 (s, 3H, CH 3S0), 6.77 (br.s, 
2H, m-H), 6.90-7.33 (m, 6H, arom., olif.); Anal, caled, for 
C18 H20 S 0 : C' 7 6 · 0 1 ; H' 7 · 0 9 ' S' 11-27; found: C, 75.94; H, 
7. 16; S, 11.41. 
l-n-Butylsulfinyl-l, 2-diphenylethene {'if) 
The crude product was chromatographed (silica gel, diiso-
propyl ether) and crystallized (ether/hexane) giving pure 
9f, m.p. 59-61°; IR (KBr): 1061 cm"1 (S=0); ^-NMR (CDC13): 
6 0.85 (t, 3H, J = 7.0 Hz, -CH 2CH 3), 1.05-1.90 (m, 4H, 
CH 2CH 2CH 2CH 3), 2.10-2.80 (m, 2H, CH 2S0), 6.75-7.70 (m, 11H, 
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arom., olif.); M S : m/ e 2 8 4 ( M + ) ; Anal, caled, for C 1 8 H 2 0 S 0 : 
С, 76.01; H, 7.09; S, 11.27; found: С, 75.79; H, 7.14; 
S, 11.27. 
1- ( 1-Methylpropy IsulfinyD-l, 2-diphenylethene ( 9g ) 
The crude product was chromatographed (silica gel, chloro-
form/diisopropyl ether) giving a viscous oil which crystalliz­
ed on standing. Careful washing with hexane gave pure 9^ g, 
m.p. 80-95°; IR (KBr): 1064 cm" 1 (S=0); ^ - N M R (CDC1 3): 
6 0.66-3.30 (m, 9H, s - C 4 H 9 ) , 7.00-7.50 (m, 11H, arom., 
olif.); MS: m/e 284 ( M + ) ; Anal, caled, for C i g H 2 0 S 0 : C, 76.01; 
H, 7.09; S, 11.27; found: C, 76.12; H, 7.08; S, 11.14. 
1-Diethoxyphosphoryl-1-phenylethene 1 la 
To a stirred solution of sulfine 5a (0.93 g, 3.4 mmol) in 
tetrahydrofuran (30 ml) 1.1 equiv. of MeLi was added at 
-78°. After stirring for 10 min at -78° methyl iodide (1.2 
equiv.) was added. At room temperature the reaction mixture 
was stirred for 1 h after which the solution was poured 
into a saturated aqueous NH^Cl solution. The organic layer 
was dried (MgSO^) and concentrated in vacuo to afford the 
crude product 10a. It was dissolved in toluene (30 ml) and 
refluxed overnight. The solvent was evaporated in vacuo and 
the resulting oil chromatographed (silica gel, methanol/ 
diisopropyl ether) giving vinyl phosphonate H^a (yield: 
0.2 g, 2 4 % ) ; IR (NaCl): 1025, 1250 cm" 1 [P(0) (OEt) 2] ; 
^ - N M R (СОСІз): 6 1.27 (t, 6H, J = 7.0 Hz, 0 C H 2 £ H 3 ) , 
3.85-4.25 (m, 4H, 0 C H 2 C H 3 ) , 6.08 (d, IH, J = 22 Hz), 
6.27 (d, IH, J = 4.5 Hz), 7.00-7.60 (m, 5H, arom.); 
MS: m/e 240 ( M + ) . 
The same procedure was followed with n-BuLi as the 
nucleophile (yield: 47%) of product 11a. 
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l-Di-ethoxyphosphoryl-l, 2-diphenylethene lib 
The procedure as given for l_la was followed. Instead of 
methyl iodide now benzyl bromide (1.2 equiv.) was used. 
After chromatography (silica gel, methanol/diisopropyl 
ether) n_b was obtained as an oil (yield: 18%); IR (NaCl): 
1020, 1200 cm" 1 (P(0)(OEt )2] ; ^ - N MR (CDCI3): δ 1.27 (t, 
6H, J = 7.0 Hz, 0 C H 2 C H 3 ) , 3.87-4.27 (m, 4H, 0 £ H 2 C H 3 ) , 
6.95-7.80 (m, 11H, arom.); MS: m/e 316 ( M + ) . 
]-Methylsulfinyl-l-diethoxyphosphoryl-2-phenylethene 12a 
and l-methylthio-l-diethoxyphosphoryl-2-phenylethene 13a 
£Г°СЁС!У!Г?-^ : ^ 0 a solution of sulfine 5^1 (0.47 g, 1.6 mmol) 
in dimethoxyethane (40 ml) sodium hydride (2 equiv.) was 
added at -40°. After stirring for 15 min at room temperature 
an excess of methyl iodide was added and again stirred for 
1 h. The reaction mixture was extracted with water (50 ml) 
and then dried (MgSO^). After concentration in vacuo the 
residue was chromatographed (silica gel, benzene/methanol/ 
acetone). Both IZà (30%) and ГЗа (30%) were isolated as 
an oil. 
12a: IR (NaCl): 1015, 1245 [P(0)(OEt) 2] , 1050 cm"
1
 (5 = 0 ) ; 
^ - N M R (CDCI3): δ 1.18, 1.23 (t, 6H, J = 7.0 Hz, 0 C H 2 C H 3 ) , 
2.85 (s, 3H, C H 3 S 0 ) , 3.83-4.25 (m, 4H, 0 C H 2 C H 3 ) , 7.23-7.48 
(m, 3H, arom.), 7.67-7.87 (m, 2H, arom.), 7.83 (d, IH, J = 
39 Hz, olif. ); MS: m/e 302 ( M + ) . 
13a: IR (NaCl): 1025, 1250 cm" 1 [P(0)(OEt )2] ; ^ - N MR (С0С1з):б 
1.38 (t, 6H, J = 7.0 Hz, 0 C H 2 C H 3 ) , 2.38 (s, 3H, C H 3 S ) , 
3.75-4.38 (m, 4H, 0 C H 2 C H 3 ) , 7.10-7.90 (m, 6H, arom., olif.); 
MS: m/e 286 ( M + ) . 
С!Г92§^УГ§_§: T o a solution of sulfine 5^1 (1.0 g, 3.5 mmol) 
in dry benzene (50 ml) thallous ethoxide (0.875 g, 3.5 mmol) 
in benzene (5 ml) was added at room temperature. After 
stirring for 1.5 h at room temperature an excess of methyl 
iodide was added. After stirring at room temperature again 
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for 1 h the reaction mixture was filtered over celite 
and the filtrate concentrated. The residue was chromatographed 
(silica gel, methanol/chloroform/diisopropyl ether) giving 
Uà (61%) and J^a (18%). The spectroscopic data of J_2awere 
as those reported above. For 13a both geometrical isomers 
were obtained as was concluded from the H-NMR spectrum: 
δ 1.15, 1.38 (t, 6H, J = 7.0 Hz, 0 C H 2 £ H 3 ) , 2.38, 2.39 
(s, 3H, CH3S), 3.75-4.40 (m, 4H, 0 C H 2 C H 3 ) , 7.05-7.90 (m, 6H, 
arom. , oli f.). 
The procedure as given above was also followed for thallous 
ethoxide as base in tetrahydrofuran as the solvent. After 
purification (as described above) IZ^a (54%) and 13a (28%) 
were obtained both as a mixture of isomers. 
1-Е thyIsulfinyl-l-diethoxyphosphoryl-2-phenylethene 12b 
and l-ethylthbo-2-diethoxyphosphoYyl-2-phenylethene 13b 
The procedure as described for 12a and 13a (procedure B) 
was followed. After chromatography (silica gel, benzene/ 
methanol/acetone ) 12b (37%) and a mixture of geometrical 
isomers of lJ3b (45%) was obtained. 
Ш ) : IR (NaCl): 1015, 1244 (P(0) (OEt )2J , 1040 cm"
1
 (5 = 0 ) ; 
^ - N M R (CDC1 3): 6 1.05-1.45 (m, 9H, C H 2 C H 3 ) , 2.67-3.40 
(m, 2H, C H 2 £ H 2 S 0 ) , 3.78-4.18 (m, 4H, 0 C H 2 C H 3 ) , 7.17-7.50 
(m, 3H, arom.), 7.75 (d, IH, J = 4.2 Hz, olif.), 7.70-7.87 
(m, 2H, arom.); MS caled, for C 1 4 H 2 1 S 0 3 P : 300.0949; found: 
300.0931 ( M + - 0 ) ; MS: m/e 316 ( M + ) , 239 (M + - C H 3 C H 2 S 0 ) . 
Ub: IR (NaCl): 1020, 1250 cm" 1 [P(0) (OEt )2] ; ^ - N M R (CDC1 3): 
δ 1.00-1.60 (m, 9H, CH 2CjH 3), 2.7-3.7 (m, 2H, C ^ C j ^ S O ) , 
3.80-4.40 (m, 4H, 0 С Н 2 С Н 3 ) , 7.20-8.00 (m, 6Н, arom., olif.). 
î-Me thyIsulfinyl-l-diethoxyphosphoryl-2-(23 4, 6-trimethyl-
phenyl)ethene 12c 
The procedure as given for 12a (procedure B) was followed. 
Crude \2c was chromatographed (silica gel, benzene/methanol/ 
acetone) giving an oil which crystallized on standing. 
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Carefully washing with hexane gave analytically pure 12c : 
m.p. 66.5-68°; IR (KBr): 1020, 1234 (P(0) (OEt ) 2 ] , 1044 cm"1 
(S=0); ^ - N M R (CDC1 3): 6 1.06, 1.22 (t, 3H, J = 7.0 Hz, 
0 C H 2 C H 3 ) , 2.17 (s, 6H, o - C H 3 ) , 2.24 (s, 3H, p - C H 3 ) , 2.88 
(s, 3H, C H 3 S 0 ) , 3.38-4.10 (m, 4H, 0 C H 2 C H 3 ) , 6.85 (br.s, 
2H, arom.), 7.90 (d, IH, J = 42 Hz, olif.); Anal, caled. 
for C 1 6 H 2 5 0 4 S P : C, 55.80; H, 7.32; found: C, 55.82; H, 7.29. 
1-Methylsulfinyl-l-diphenylphosphoryl-2-phenylethene 12d 
The procedure as given for I2_à (procedure B) was followed. 
Crude 22.d w a s chromatographed (silica gel, methanol/chl oro-
form/dii s op ropy 1 ether) giving an oil which crystallized 
on standing, m.p. 160-168°; IR (KBr): 1061 (S=0), 1180 
cm"1 (P=0); ^ - N M R (CDC1 3): 6 2.63 (s, 3H, CH 3 S 0 ) , 6.97-7.88 
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C H A P T E R б 
ASYMMETRIC DIELS-ALDER REACTIONS WITH 
SULFINES DERIVED FROM PROLINE 
6.1 ABSTRACT 
The s y n t h e s i s o f a v a r i e t y o f s u l f i n e s 8 d e r i v e d from 
S - p r o l i n e , u t i l i z i n g the r e a c t i o n o f a - s i l y l c a r b a n i o n s 
w i t h s u l f u r d i o x i d e , i s d e s c r i b e d . R e a c t i o n of the t h u s -
p r e p a r e d s u l f i n e s 8 w i t h 2,3-dimethyl-1,3-butadiene gave 
d i h y d r o t h i a p y r a n 5 - o x i d e s 9. D u r i n g these c y c l o a d d i t i o n 
r e a c t i o n s asymmetr ic i n d u c t i o n s up t o 40% were o b s e r v e d . 
From one pure d i a s t e r e o m e r i с form o f c y c l o a d d u c t 9d an 
X-ray a n a l y s i s was c a r r i e d o u t i n o r d e r t o p r o v i d e i n s i g h t 
i n the s t e r i c course of the c y c l o a d d i t i o n r e a c t i o n . 
6.2 INTRODUCTION 
An asymmetric synthesis is broadly defined as "a 
reaction in which an achiral unit in an ensemble of substrate 
molecules is converted by a reactant into a chira! unit in 
such a manner that the stereomeric products are produced 
in unequal amounts". 1 In one approach to an asymmetric 
synthesis the substrate molecule already contains a chira! 
functionality and a new chiral centre is formed by react­
ion with an achiral reagent: The newly formed chiral centre 
is influenced by the chiral group already present in the 
molecule with the ultimate result that the diastereoisomers 
are formed in unequal amounts. An illustration of such a 
reaction is the reduction of a ketone having a chiral centre 
elsewhere in the molecule 2 (scheme 6 . 1 ) . When the diastereo-
mers are obtained in unequal quantities the process is called 
diastereoselective (intramolecular asymmetric induction). 
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scheme 6 . 1 
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An alternative approach to asymmetric synthesis involves 
a reaction of a prochiral substrate with an optically active 
reagent or catalyst. In this kind of process the prochiral 
centre is converted into a chiral centre in such a manner 
that the enantiomers are formed in unequal amounts (enantio-
selective reactions). A typical example hereof is the 
catalytic hydrogénation of ketones with a chiral catalyst 
and the reduction of unsymmetrical ketones with chiral 













asymmetric synthesis are those producing a high excess of 
one particular enantiomer. The extent of asymmetric induction 
in kinetically controlled reactions is correlated with the 
difference in free energy of the two diastereomeriс transit­
ion states" (ДДС^) (Figure 6.1). It has been calculated that 
for a good asymmetric induction a ДЛС^ of 2-3 kcal/mol is 
required" (Fi gure 6 . 2 ) . This implies that rather small 
differences in transition state structures may give rise 
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t o c o n s i d e r a b l e asymmetr ic i n d u c t i o n v a l u e s . 
Asymmetric i n d u c t i o n d u r i n g [4 + 2 ] - c y c l o a d d i t i on 
r e a c t i o n s ( D i e l s - A l d e r r e a c t i o n s ) have been s t u d i e d w i t h 
c h i r a ! d i e n o p h i l e s 5 , c h i r a l d i e n e s 6 and i n the presence o f 
c h i r a ! Lewis a c i d c a t a l y s t s 7 . The f i r s t s u c c e s s f u l example 
of an asymmetr ic D i e l s - A l d e r r e a c t i o n dates from 1948 
( d i e n e s w i t h menthyl e s t e r s o f m a l e i c and f u m a r i e a c i d s ) e . 
A f t e r t h a t s e v e r a l asymmetr ic [4 + 2 ] - c y c l o a d d i t i ons have 
been r e p o r t e d . 5 ' 6 ' 7 T r o s t et al.4 developed an i n t e r e s t i n g 
model t o e x p l a i n t h e h igh asymmetr ic i n d u c t i o n u s i n g 
O-methylmandeloxy d ienes ( F i g u r e 6 . 3 ) , which was based on 




ir-stacking of the diene and the aromatic ring. Two con­
formations, A and в can be envisaged. Taking into account 
the non-bonded interaction of the substituents L (large) 
and S (small) with the diene leads to a preference for 
conformation В (minimized non-bonded interaction between 
L and the d i e n e ) . In essence, the aromatic ring of the 
mandelic part then serves as a steric steering group to 
direct the approaching dienophile to one of the two 
enantiotopic faces of the diene. 
Helmchen et a l . 1 " advanced a shape-interaction model 
to explain the high asymmetric induction during the 
Diels-Alder reaction of anthracene with chiral substituted 
di enophi 1 es. 
Considerable attention has been given to intramolecular 
versions of asymmetric Diels-Alder r e a c t i o n s . 1 1 The catalytic 
activity of Lewis acids in Diels-Alder r e a c t i o n s 5 » 6 ' 1 2 
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favourably influences the reaction rate, the regioselectivity 
and the stereoselectivity. However, chiral catalysts sofar 
fall rather short of the expectation to give high asymmetric 
induction r e s u l t s . 7 
This chapter deals with the asymmetric Diels-Alder 
reaction of chiral sulfines. As reviewed in the intro­
ductory chapter (section 1.3) sulfines can undergo a 
variety of cycloaddition r e a c t i o n s . 1 3 Several types of 
sulfines were subjected to a Diels-Alder reaction with 
2,3-dimethyl-1,3-butadiene , which leads to dihydrothiapyran 
S - o x i d e s 1 3 (scheme 6 . 3 ) . An interesting feature of this 
scheme 6.3 
Л * λ — -ркА 
cycloaddition with sulfines is that geometrically isomeric 
sulfines produce adducts in which the stereochemical 
relationship present in the sulfine is predominantly 
retained. 1" The dienophi1 i city of sulfines is strongly 
dependent on the substituents. As expected, sterically 
filled substituents have a retarding effect, while electron 
withdrawing functions enhance the reacti vi ty. 1 *  ' 1 5 During 
the cycloaddition reaction with sulfines having unequal 
substituents (Ri j* R2 ) two chiral centres are formed, in 
other words the sulfine carbon and sulfur atom are pro-
chiral centres. The aim of this investigation is to study 
the extent of asymmetric induction of the Diels-Alder 
reaction with sulfines bearing a chiral substituent. 
Naturally occurring amino acids are frequently used 
as chiral inductors in asymmetric s y n t h e s i s . 1 6 Therefore, 
it is of interest to design a sulfine having a substituent 
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derived from an amino acid. For this purpose we chose 
S-proline as it is relatively cheap, it can readily be 
modified and it has an excellent reputation in asymmetric 
s y n t h e s i s . 1 6 » 1 7 Proline and its derivatives have been used 
in asymmetric hydrogénation of carbon carbon double bonds 
and carbonyl compounds. 1 6 Derivatives of proline were also 
successfully used in asymmetric aldo! c o n d e n s a t i o n s 1 6 , 
alkylation of Schiffs bases and e n a m i n e s 1 6 , and in Michael 
addition r e a c t i o n s 1 6 . N k u n y a 1 8 found an asymmetric induct-
ion up to 50% in the Darzens condensation of aldehydes with 
(S)-ff-chloromethylsulfonyl-2-methoxymethyl-pyrrol i di ne. 
Raquette et al.1* obtained (л)-(-)-methylthiete 5,S-dioxide 
during the [2 + 2]-cycloadditi on of in s i t u generated sulfene 
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6. 3 RESULTS AND DISCUSSION 
For the purpose of incorporating proline or a congener 
in a sulfine molecule the following aspects need to be 
taken into account. The modified Peterson reaction, i . e . 
alkylidenation of sulfur dioxide using a-silyl carbarn'ons 2 0, 
offers the best prospects for the synthesis of the desired 
sulfines (see scheme 1.9). Therefore, a suitable active 
methylene function is required in the precursor for the 
sulfine. Furthermore, in order to ensure sufficient dieno-
philicity of the sulfine, it must bear an appropriate 
electron withdrawing substituent. To serve this purpose a 
sulfonyl group was chosen as activating substituent for 
the methylene group as well as connecting function with 
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the proline derivative. In essence, the sulfine precursors 
are then sulfonyl pyrrol i di des which are readily accessible 
from appropriately modified proline and a variety of sulfonyl 
chlorides (scheme 6 . 5 ) . 
s c h e m e 6 . 5 
LiAlH, 
V Η N 
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2] RiX 
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Proline was converted into alkoxymethylpyrrol i dines 5^  
by the sequence of reactionsoutlined in scheme 6.5. The 
ether function was introduced in the tf-protected p r o l i n o l 2 1 
(reaction of 3 with sodium hydride and methyl iodide, 
benzyl bromide and 2,4,6-trimethylbenzyl chloride, respectively; 
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in the case of the trityl ether pyridine was used as the 
base). Sul f onyl ati on of 5^  was carried out with chloro-
methanesulfonyl c h l o r i d e 2 2 ' 2 3 , phenylmethanesulfonyl 
chloride and ethanesulfonyl chloride in the presence of 
tri ethyl ami ne (solvent tetrahydrofuran ). 
Silylation of the active methylene compounds 6 was 
performed by deprotonation with κ-butyl1 ithiurn and sub­
sequent treatment with trimethylsilyl chloride. The required 
a-silyl carbanions were obtained by deorotonation of ]_ with 
n-butyl1 ithium. The carbanions were then added to an excess 
of sulfur dioxide dissolved in tetrahydrofuran at -78°. 
As described previously (Chapter 2) this procedure, 
particularly the addition of the anion to sulfur dioxide, 
minimizes the formation of b y - p r o d u c t s . 2 0 In this manner 
the sulfines 8a-c,i-m were obtained in solution. These 
sulfines are all very sensitive towards hydrolysis. Upon 
contact with water they easily hydrolyse to the corresponding 
methylene compounds i_. The sulfines 8d-f enjoy a much 
greater stability, they could be isolated by the usual 
aqueous work-up and subsequent chromatography. However, 
during the purification considerable loss of material had 
to be accepted. 
From the ^H-NMR spectra of the sulfines 8d-f it was 
concluded that these compounds have the Ε-geometry: the 
orifco-protons of the phenyl ring in these sulfines absorb 
at lower field than the remaining aromatic protons. This 
is due to the anisotropic deshielding effect of the S=0 
moiety which is directed towards the phenyl substituent. 1 3 
By extrapolation it is assumed that the other sulfines 
8a-c and 8i-m also possess the ¿'-geometry. 
All the sulfines 8, either prepared in situ or isolated, 
were subjected to a Diels-Alder reaction with 2,3-dimethyl-
1,3-butadiene giving the expected cycloadducts £. In the 
cases of in situ prepared sulfines (Sa-c.i-m) the adduct 
was accompanied by some 3,4-dimethylsul fol e n e 2 ц arising 
from dimethylbutadiene and the excess of sulfur dioxide. 
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This by-product sometimes hampered the isolation of the 
cycloadducts £. 
The thiapyran S-oxides £ were all obtained as mixtures 
of diastereomers. The physical properties of the diastereo-
mers are apparently small as separation by chromatography 
could not be accomplished. In one case, viz. 9d one of the 
diastereomers was separated by fractional crystallization 
{vide infra). 
The ratio of diastereomers was determined by analytical 
HPLC using an ultraviolet detector. To avoid any errors 
due to differences in extinction coefficients of the stereo-
isomers the analyses were performed at several wavelengths. 
No deviations in diastereomeriс ratios were found, however. 
The ratio of diastereomers was also determined by means 
'of ^H-NMR analysis using (optically a c t i v e ) 2 5 shift reagents, 
Within the limits of accuracy the diastereomeriс excess 
values are the same as those found with the HPLC method. 
The data are compiled in Table 6.1. The cycloaddition of 
^b was carried out at two different temperatures, viz. 25° 
and -78°. The lower temperature experiment gave a higher 
asymmetric induction (36% at -78° vs 25% at 2 5 ° ) . 
As mentioned above one of the diastereomeriс cyclo­
adducts 9d, namely the predominant one, could be separated 
by careful crystallization. In order to gain insight in 
the steric course of the cycloaddition reaction the 
structure of this crystalline single diastereomer of 9d 
was determined by X-ray analysis (Figure 6 . 4 ) . As expected 
this analysis confirms that the stereochemical relation­
ship (E-geometry) present in the sulfine is retained in 
the cycloadduct. From the absolute configurations of the 
sulfoxide and of C2 it can readily be reconstructed that 
the predominant diastereomeric cycloadduct 9d originates 
from an approach of the diene to the C
s i S s i - f a c e of the 
sulfine. 
119 
TABLE 6 . 1 : Thnapyran S-oxides 9^  by cycloaddition of 2,3-dimethyl-l,3-
butadiene and sul fines derived from prol ine. 
Start ing materials 
R1 R2 
S i l y l comgound 7 
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'reaction temperature (0C) 
'determined starting from 7 
^determined starting from 8 
Figure 6.4 
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This r e s u l t can be e x p l a i n e d by assuming a p r e f e r r e d 
c o n f o r m a t i o n o f the s u l f i n e hav ing a m i n i m i z e d e l e c t r o s t a t i c 
i n t e r a c t i o n o f t h e s u l f o n y l oxygen atoms and the s u l f i n e 
m o i e t y ( F i g u r e 6 . 5 ) . In t h i s c o n f o r m a t i o n the C r e S r e - f a c e 
F i g u r e 6.5 
С re S « - f a c e 
^ / / CH3O-, ,H 
0 0 
Cc, S.,-face 
of the sulfine is clearly sterically shielded by the alkoxy-
methyl function at the pyrrolidine ring. This steric 
shielding then explains a preference for frontside ( C S ^ S S ^ -
face) attack by the diene. 
By comparing the d.e. values obtained for the three 
chiorosulfines 8a,b,с the conclusion is justified that 
the nature of the alkoxy substituent in the pyrrolidine 
moiety has only a moderate effect on the extent of the 
asymmetric induction. The same conclusion can be drawn by 
comparing the induction data of the phenyl sul fines 8d-f 
and the benzyl sul fines 81 ,m, respectively. Although 
shielding of one diastereotopiс face of the sulfine through 
TT-stacking of the benzyloxy or trimethyl benzyloxy is 
quite conceivable this effect clearly plays no significant 
role in the present case. The steric size of the trityloxy 
group (9^ i ) has an unexpected influence on the induction; 
instead of improving the d.e. value the induction is 
virtually zero. 
On the basis of the above observations it is suggested 
that the alkoxy group turns away from the sulfine moiety, 
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probably to escape from unfavourable interactions with the 
sulfone oxygen atoms. Molecular models clearly indicate that 
the alkoxy group can take a spatial position which causes 
no shielding of the sulfine at all. The methylene group at 
the pyrrolidine ring is then solely responsible for the 
steric differentiation of the diastereotopic faces of the 
sulfine function. 
The results presented here also suggest that better 
asymmetric induction may be expected when the inducing 
chira! centre is in closer proximity of the sulfine group. 
It should be noted that the Diels-Alder reactions in 
this study were carried out without a Lewis acid catalyst. 
In the literature, however, the best asymmetric [4+2]-
cycloadditi ons are always performed with the aid of a Lewis 
acid c a t a l y s t . 5 · 6 
It is of interest to compare the asymmetric induction 
during the Diels-Alder reaction with that during the 
silylation of the sulfonamides 6. The diastereomeriс ratios 
of the silyl compounds 7_ were determined by means of H-NMR, 
the d.e. values are listed in Table 6.1. The asymmetric 
induction data obtained for the silylation and the cyclo­
addition show a remarkable parallel. In fact, when the 
silylation proceeds with an appreciable induction the same 
is found for the cycloaddition despite the fact that we are 
dealing with entirely different diastereoselection processes. 
6.4 EXPERIMENTAL SECTTOU 
Melting points were determined on a Koffler hotstage 
and are uncorrected. H-NMR spectra were recorded at 90 MHz 
using a Varian EM 390 instrument with TMS as internal 
standard. IR spectra were taken on a Perkin Elmer 257 
Grating Spectrometer. The combustion analyses were perform­
ed in the Microanalytical Department of our laboratory by 
Mr J. Diersmann. Mass spectra were recorded on a Varian 
SM1B mass spectrometer or a Finnigan 3100 GC/MS. The n-BuLi, 
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see-BuLi, t-BuLi and MeLi used were Stocksolutions in 
hexane or diethyl ether. THF was distilled twice from CahU 
before use. All reactions in which carbanions are used are 
carried out under nitrogen. The HPLC analyses were perform­
ed using a "SP-8700 solvent delivery system" instrument 
equined with a "SP-S^OO variable wavelength" detector. The 
following columns were used: A Chrompack LiChrosorb Si-60-10 
and a Chrompack LiChrosorb 10-RP-18 column (25 c m ) . For the 
^ - N M R analyses of the diastereomeriс product mixtures the 
following shift reagents were used: Pr (С, .H, .FyO« )·,: 
tris[3-(heptafluoropropyl hydro xymethyl ene)-oi-camphorato] , 
praseodymium( III ) [Pr(hfc) 3]; Y b ( C 1 2 H 1 4 F 3 0 2 ) 3 : tris[3-(tri-
fluoromethylhydroxymethylene )-a-camphorato], ytterbium(III) 
[Yb(tfc) 3] and Y b ( C 1 4 H 1 4 F 7 0 2 ) 3 : tri s- [З-heptaf1uoropropyl-
hydroxymethylene)-a-camphorato], ytterbium(111) [Yb(hfc) 3]. 
S-(+)-2-(HydroxymethyDpyrrolidine 2 
The procedure as given by D. Enders et α £ . 1 7 was followed. 
Starting from 100.0 g (0.87 mol) S-proline 64.5 g (74.1%) 
of 2_ was obtained after Histillation under reduced pressure, 
b.p. 67-68 0/2 mm ( l i t . 2 1 : 7 0-82o/3 mm. The spectral 
data were in agreement with those reported in the liter­
ature. 1 7' 2 1 
S- (- ) -1-Formy 1-2- (hydvoxyme thy I) pyrrolidine 2_ 
The procedure as given in the literature 2 1 was followed. 
Starting from 64.5 g (0.64 mol) of 2 77.2 g (92.8%) of 3 
was obtained after distillation under reduced pressure, 
b.p. 115-116 0/0.3 mm (l i t . 2 1 : 122 o/0.5 m m ) . 
( S_) - (-) -1-Formy 1-2- (me thoxy me thy I) pyrrolidine 4a 
To a suspension of NaH (9.8 g, 0.40 mol) in THF (500 ml) 
3 (35.1 g, 0.27 mol) was added at room temperature under N2· 
Under vigorous stirring Mel (61.5 g, 0.43 mol) dissolved 
in THF (45 ml) was gradually added. After refluxing for 
1.5 h the suspension was poured into a saturated aqueous 
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NaCl solution. The aqueous layer was extracted twice with 
ChLCl,, (100 ml). After drying of the combined organic 
layers with MgSO« the solution was concentrated. The crude 
product 4^a was purified by distillation under reduced 
pressure, b.p. 72-73o/0.6 torr (lit. 2 1: 67o/0.26 torr). 
Yield 25.9 g (67.0%). The spectroscopic data were in agree­
ment with those reported in the literature. 2 1 
(S_) - (-) -2-Benzyloxymethy l-1-fovmy Zpyrrolidine 4^b 
The procedure as given for 4a was followed. Starting from 3 
(25.0 g, 0.194 mol) and benzyl bromide (53.0 g, 0.31 mol) 
resulted in 40.4 g (95°/) of crude ^b. This crude oil was 
sufficiently pure for further use. IR (NaCl): 1660 cm" 
(C=0); ^-NMR (CDC1 3): 5 1.40-2.30 (m, 4H, CH 2 C H 2 - ) , 3.30-4.20 
(m, 5H, -CH 2-N, -CH 2-0, H-C-N), 4.48 (s, 2H, CH 2-Ph), 7.27 
(s, 5H, arom.). 8.18 and 8.33 (s, IH, HC=0); MS: m/e 98 
(M +-CH 20CH 2Ph). 
(S_) - (-) -2- ( 2 y 4 j e-Trimethy I ) benzyl о xy me thy I-1 -fovmy Ipyrro Li dine 
The procedure as given for 4a was followed. Starting from 2 
(6.2 g, 48 mmol) and 2,4,6-trimethylbenzyl chloride (8.1 g, 
48 mmol) resulted in 15.6 g (60%) of 4c after chromatography 
(silica gel, ether). IR (NaCl): 1660 cm"1 (C=0); ^ -NMR 
(CDC1 3): á 1.40-2.10 (m, 4H, CH 2CH 2), 2.23 (s, ЗН, Р-СН3), 
2.33 (s, 6Н, 2х о-СН 3), 3.10-4.30 (m, 5Н, -CH 2-N, -СН 2-0, 
H-C-N), 4.50 (s, 2Н, CH 2Mes), 6.82 (s, 2Н, m-H ) , 8.30 and 8.21 
(s, IH, HC = 0 ) ; [α]ρ0 = -43.0° (с = 1.15, C H C ^ h MS: m/e 
261.1759 ( M + ) ; caled, for C 1 2 H 2 3 N 0 2 : 261.1729. 
( S_) - (-) -1-Formy l-2-Lvipkenylmethy loxymethy Ipyrrolidine 4d 
To a solution of З^  (12.0 g, 93 mmol) in dry pyridine (0.5 1) 
tri phenyl methyl chloride (25 g, 93 mmol) was added at room 
temperature. After refluxing for 1.5 h the excess of pyridine 
was evaporated under reduced pressure. The residue was 
washed with diluted aqueous HCl. The crude product 4d was 
purified by chromatography (silica gel, ethyl acetate), 
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yield 30 g (86.9%); IR (NaCl): 1655 cm"1 (C=0); ^H-NMR 
(CDC1 3): δ 1.37-2.10 (m, 4H, -CH 2CH 2-), 2.90-4.00 (m, 5Н, 
-CH2-N, -СН 2-0, H-C-N), 6.93-7.57 (m, 15H, arom.), 8.13 
and 8.37 (s, IH, HC = 0); [a]p0 = -22.1° (c = 1.00, C H C ^ ) ; 
MS: m/e 371.1859 (M +); caled, for C 2 5H 2 50 2N: 371.1885. 
(S_) - ( + ) -2- (Me thoxymethyl)pyrrolidine 5^a 
The procedure as given in the literature21 was followed. 
Starting from 4a (25 g, 0.18 mol) 14.2 g (68%) of 5a was 
obtained after distillation, b.p. 34-350/32 torr (lit. 2 1: 
62o/40 torr). The spectroscopic data were in agreement with 
those reported in the literature.21 
(S_) - (-) -2- (Benzy loxymethy I)pyrrolidine 5b 
The procedure as given for 5^a was followed. Starting from 
'4b (25 g, 0.194 mol) 14.5 g (76%) of 5b was obtained after 
distillation, b.p. 97-99o/0.16 torr; IR (NaCl): 3320 cm"1 
(N-H); ^-NMR (CDC1 3): δ 1.22-2.10 (m, 4H, -CH 2CH 2-), 2.21 
(s, IH, N-H), 2.69-3.60 (m, 5H, -CH2-N, -CH 2-0, H-C-N), 
4.53 (s, 2H, CH 2Ph), 7.32 (s, 5H, arom.); [α]^
0
 = -1.6° 
(с = 3.22, СНСІ3); MS: m/e 191.1333 (M +); caled, for 
C 1 2 H 1 7 N 0 : 1 9 1 · 1 3 1 0 · 
(S)-( + )-2-[_(2,4, 6-Trime thy l ) benzy loxy me thy I ¡pyrrolidine bc 
The procedure as given for 5^a was followed. Starting from 
4c (7.0 g, 27 mmol) 5.1 g (81.1%) of 5c was obtained. This 
product was subjected to Kugelrohr distillation, b.p. 
130o/0.15 torr; IR (NaCl): 3320 cm-1 (N-H); ^-NMR (CDC13): 
б 1.20-1.93 (m, 4H, -CH 2CH 2-), 2.06 (s, IH, N-H), 2.24 
(S, ЗН, р-СНз), 2.34 (s, 6Н, 2х 0-СН3), 2.64-3.58 (m, 5Н, 
-CH2-N, -СН 2-0, H-C-N), 4.50 (s, 2Н, Cufies), 6.83 (s, 2H, 
m-H); [α]ρ0 = +1.2° (с = 3.50, CHCI3); MS: m/e 233.1759 ( M + ) ; 
caled, for ^,-Η,,ΝΟ: 233.1730. 
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(S) -2- [ (Triphenylmethoxy ìmethy l] pyrrolidine 5_d 
The procedure as given for 5^a was followed. Starting from 
4d (17.5 g, 47 mmol) 14.3 g (88%) of 5d was obtained. 
Crystallization from THF/MeOH gave pure material, m.p. 
210-211° ( d e c ) ; IR (KBr): 3430 cm"1 (N-H); ^-NHR (CDCI3): 
6 1.38-2.18 (m, 4H, -CH 2CH 2-), 3.01-3.86 (m, 6H, N-H, -CH2-N, 
-CH2-0, H-C-N), 7.00-7.60 (m, 15H, arom.). 
С S ) - С- ) -1- ( Chloromethy l sul forty I) -2- (methoxymethy I ipyrrolidine 16 a 
To a solution of 5a (7.0 g, 61 mmol) and triethylami ne (8.6 g) 
in THF (125 ml) was added at 0° and under nitrogen chloro-
methanesulfonyl chloride (9.1 g, 61 mmol) dissolved in THF 
(10 ml). After stirring for 2 hrs at room temperature the 
reaction mixture was poured into a saturated aqueous NH.C1 
solution. The aqueous layer was extracted with CHClj (50 ml). 
After drying with MgSO» the combined organic layers were 
concentrated and the residue was distilled under reduced 
pressure, b.p. 124-125o/0.8 torr; yield 6.84 g (49.4%); 
IR (NaCl): 1160, 1345 cm"1 (S0 2); ^-NMR (CDClj): 6 1.58-2.27 
(m, 4H, -CH 2CH 2-), 3.13-3.82 (m, 4H, -CH 2-N, -CH 2-0), 3.37 
(s, 3H, 0CH 3), 4.00-4.33 (m, IH, H-C-N), 4.66 and 4.73 (ABq, 
2H, J = 12 Hz, CH 2C1); [a]p
0
 = -12.8° (c = 1.10, CHCI3); 
MS: m/e 182.0015 (M +-CH 20CH 3); caled, for C 5H g0 2NSCl: 182.0043. 
( S_) - ( -) -2-Benzyloxymethyl-l- ( ohlorome thy Is ul forty Dpyrrolidine 6b 
The procedure as given for 6a was followed. Starting from 
5b (10 g, 52 mmol) 11.3 g (72%) of 6b was obtained after 
chromatography (silica gel, diisopropyl ether); IR (NaCl): 
1160, 1345 cm"1 (S02)·, ^-NMR (CDClj): 6 1.56-2.27 (m, 4H, 
-CH 2CH 2-), 3.24-3.80 (m, 4H, -CH2-N, - C H ^ O ) , 4.02-4.33 
(m, IH, H-C-N), 4.44 and 4.66 (ABq, 2H, J = 12 Hz, CH 2C1), 
4.54 (s, 2H, CH 2Ph), 7.33 (s, 5H, arom.); [α]^
0
 = -13.0° 
(с = 1.09, CHC1 3); MS: m/e 303.0676 ( M
+ ) ; caled, for 
C 1 3 H 1 8 0 3 N S C 1 : 3 0 3 · 0 6 9 6 · 
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( §_)- (-)-J-Chloromethylsul fonyl-2- [f 2,4, 6-trimethyl)benzyl-
oxymethyl\pyvrolidine bc 
The procedure as given for б^а was followed. Starting from 
5c (2.36 g, 10 mmol) 2.17 g (63%) of 6c was obtained after 
chromatography (silica gel, diisopropyl ether). Crystallizat­
ion from CHC13/diisopropyl ether gave pure material, m.p. 
87-88°; IR (KBr): 1150, 1335 cm"1 (S0 2); ^-NMR (CDCI3): 
<S 1.72-2.13 (m, 4H, -CH 2CH 2-), 2.25 (s, 3H, p - C H 3 ) s 2.33 
(s, 6H, 2x o-CH 3), 3.20-3.85 (m, 4H, -CH2-N, -CH 2-0), 
3.85-4.30 (m, IH, H-C-N), 4.40 and 4.58 (ABq, 2H, J = 12 Hz, 
CH 2C1), 4.53 (s, 2H, £H 2Mes), 6.83 (s, 2H, m-W); [αϊ p 0 = -21.6° 
(c = 1.27, CHC1 3); Caled, for C 1 6H 2 4NS0 3C1 : C, 55.56; H, 6.99; 
N. 4.05; found: C, 55.73, 55.51; H, 6.94, 6.96; N, 4.19, 4.08. 
( S_) - (-) -1-Benzylsul fonyl-2- (methoxymethy I )pyrrolidine 6_d 
The procedure as given for 6a was followed. Starting from 
5^a (4.0 g, 35 mmol) and phenylmethanesul fonyl chloride 
(6.6 g, 35 mmol) 7.2 g (77%) of 6d was obtained after 
chromatography (silica gel, ether/pentane). Crystallization 
from ether gave the pure product, m.p. 48.5-50.5°; IR (KBr): 
1140, 1335 cm"1 (S0 2); 1H-NMR (C-DCJ^- δ 1.69-1.98 (m, 4H, 
-CH 2CH 2-), 2.92-3.45 (m, 4Н, -CH2-N, - С ^ - О ) , 3.33 (s, ЗН, 
0СН 3), 3.69-3.99 (m, IH, H-C-N), 4.29 (s, 2H, CH 2Ph), 7.38 
(s, 5H, arom.); [α]g0 = -10.5° (с = 1.03 CHC1 3); MS: m/e 
224 (M +-CH 20CH 3); Caled, for C 1 3 H i g N 0 3 S : С, 57.97; H, 7.11; 
Ν, 5.20; found: С, 58.39, 58.28; Η, 7.14, 7.14; Ν, 5.12, 5.13. 
ΓSJ - ( - ) - 2 - ( B e n z y l o x y m e t h y l ) - l - b e n z y l s u l f o n y l p y r r o l i d i n e bß 
The procedure as given for 6^a was followed. Starting from 
5b (10.0 g, 52 mmol) 13.3 g (74%) of 6e was obtained after 
chromatography (silica gel, diisopropyl ether). Crystallizat-
ion from ether gave the pure compound, m.p. 45-46.5°; IR (KBr): 
1140, 1330 cm"1 (S0 2); ^-NMR (CDC13): 6 1.56-2.05 (m, 4H, 
-CH 2CH 2-), 2.92-3.59 (m, 4H, -CH2-N, -CH 2-0), 3.70-4.03 
(m, IH, H-C-N), 4.25 (s, 2H, S0 2CH 2), 4.49 (s, 2H, 0CH 2Ph), 
7.31 and 7.34 (s, 10H, arom.); [a]^ 0 = -18.8° (c = 0.90, 
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CHCI3); MS: m/e 345 ( M + ) ; Caled, for C 1 9 H 2 3 N S 0 3 (345.46): 
С, 66.06; H, 6.71; Ν, 4.05; found: С, 65.99, 65.97; Η, 6.73, 
6.74; Ν, 3.83, 3.84. 
(S_) - (-) -l-Benzylsulfonyl-2- [ Γ2, 4, d-trimethyUbenzy loxy-
me t-hy ^•pyrrolidine 6_f 
The procedure as given for 6a was followed. Starting from 
5c (2.36 g, 10 mmol) 2.14 g (55%) of 6f was obtained after 
chromatography (silica gel, diisopropyl ether); IR (NaCl): 
1150, 1330 cm" 1 ( S 0 2 ) ; ^ - N M R (CDC1 3): δ 1.50-1.93 (m, 4H, 
- C H 2 C H 2 - ) , 2.20 (s, ЗН, р - С Н 3 ) , 2.30 (s, 6Н, 2х о - С Н 3 ) , 
2.80-3.60 (m, 4Н, -СНг-О, - C H 2 - N ) , 3.60-3.90 (m, IH, H-C-N), 
4.13 (s, 2H, C H 2 P h ) , 4.43 (s, 2H, £ H 2 M e s ) , 6.78 (s, 2H, m - H ) , 
7.28 (s, 5H, arom.); [a.]2^ = -22.1° (c = 1.06, C H C 1 3 ) ; MS: 
m/e 387.1869 ( M + ) ; Caled, for C 2 2 H 2 9 N 0 3 S : 387.1868. 
(S_) - ('-) -l-Benzylsulfonyl-2-\_ltripheny Imethoxy ) methyl] -
pyrrolidine б^І 
The procedure as given for 6a was followed. Starting from 
5^d (4.0 g, 12 mmol) 3.22 g (54.0%) of 6i was obtained after 
chromatography (silica gel, diisopropyl ether). Crystallizat­
ion from ether/diisopropyl ether gave the pure product, 
m.p. 155-159°; IR (KBr): 1150, 1345 cm" 1 ( S 0 2 ) ; ^ - N M R 
(CDC1 3 ) : δ 1.60-2.05 (m, 4H, - C H 2 C H 2 - ) , 2.80-3.32 (m, 4Н, 
-СН 2 - 0 , - C H 2 - N ) , 3.67-4.00 (m, IH, H-C-N), 4.12 (s, 2H, C H 2 P h ) , 
6.98-7.54 (m, 20H, arom.); [otj^0 = -9.6° (с = 1.10, С Н С 1 3 ) ; 
MS: m/e 224 (M +-CH 20CPh 3 ) ; Caled, for C 3 1 H 3 1 N 0 3 S (497.66): 
С, 74.82; H, 6.28; Ν, 2.81; found: С, 74.69, 74.66; Η, 6.32, 
6.33; Ν, 2.67, 2.71. 
ÍSJ - ( - ) - l - E t h y l s u l f o n y l - 2 - ( m e t h o x y m e t h y I)pyrrolidine 6j 
The procedure as given for 6a was followed. Starting from 
5a (8.0 g, 69 mmol) and ethanesulfonyl chloride (8.9 g, 
69 mmol) 8.44 g (59%) of 6j was obtained after distillation 
under reduced pressure, b.p. 116-1180/1.5 torr; IR (NaCl): 
1140, 1330 cm" 1 ( S 0 2 ) ; ^ - N M R (CDCI3): δ 1.37 (t, 3H, J = 
12 8 
7.5 Hz, CH 2CH 3), 1.75-2.17 (m, 4H, -CH 2CH 2-), 2.90-3.15 
(q, 2Н, J = 7.5 Hz, CH 2CH 3), 3.18-3.67 (m, 4H, -СН 2-0, 
-CH 2-N), 3.37 (s, ЗН, 0СН 3), 3.75-4.17 (m, IH, H-C-N); 
[α]20 = -44.2° (с = 1.37, CHC1 3); MS: m/e 162.0618 (M
+
-
CH 20CH 3); caled, for CgH^OjNS: 162.0589. 
(S_) - (-) -2-Benzy loxymethyl-l-ethylsulfonylpyrrolidine 6_k 
The procedure as given for 6a was followed. Starting from 
5^b (5.9 g, 31 mmol) 6.4 g (73%) of б^к was obtained after 
chromatography (silica gel, diisopropyl ether); IR (NaCl): 
1145, 1330 cm"1 (S0 2); ^-NMR (CDC1 3): δ 1.33 (t, 3H, J = 
7 Hz, CH 2CH 3), 1.57-2.18 (m, 4H, -CH 2CH 2-), 2.87-3.12 (q, 
2H, J = 7 Hz, C^ 2CH 3), 3.13-3.71 (m, 4H, -CH2-N, -CH 2-0), 
3.84-4.20 (m, IH, H-C-N), 4.53 (s, 2H, CJH2Ph), 7.32 (s. 5H, 
arom.); [a]p0 = -45.0° (c = 1.27, CHC1 3); MS: m/e 162.0576 
(M +-CH 20CH 2Ph); caled, for C 6H 1 20 2NS: 162.0589. 
(S_) - (-) -2-Methoxymethy l-l-methylsulfonylpyrrolidine 6g 
The procedure as given for 6a was followed. Starting from 
5^a (5 g, 43 mmol) and methanesul f onyl chloride (5.0 g, 43 
mmol) 6.58 g (78.5%) of 6^g was obtained after chromatography 
(silica gel, ethyl acetate); IR (NaCl): 1150, 1330 cm - 1 
(S0 2); ^-NMR (CDC1 3): δ 1.63-2.17 (m, 4H, -CH 2CH 2-), 2.83 
(s, ЗН, S0 2CH 3), 3.07-3.58 (m, 4H, -CH2-N, -СН 2-0), 3.35 
(s, ЗН, 0CH 3), 3.58-4.08 (m, IH, H-C-N); [α]^
0
 = -50.0° 
(с = 1.2, СНС1 3); MS: m/e 148.0411 (М
+
-СН 20СН 3) ; caled, for 
C 5 H 1 0 0 2 N S : 1 4 8 · 0 4 3 2 · 
(S_) - (-) -2-Benzy lo xy met hy l-l-methy Isulfonylpyrrolidzne 6_h 
The procedure as given for 6^a was followed. Starting from 
5b (6.0 g, 31 mmol) 7.75 g (93%) of 6h was obtained. This 
product was sufficiently pure for further use. IR (NaCl): 
1150, 1330 cm"1 (S0 2); ^-NMR (CDC1 3): 6 1.69-2.25 (m, 4H, 
-CH 2CH 2-), 2.82 (s, 3H, S0 2CH 3), 3.22-3.71 (m, 4H, -CH2-N, 
-CH 2-0), 3.76-4.04 (m, IH, H-C-N), 4.54 (s, 2H, CH 2Ph), 7.32 
(s, 5H, arom.); [α]^ 0 = -47.2° (с = 1.38, CHC1 3); MS: m/e 
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269 (M +). 
( S_) - (-)-Ρ,-Mßthoxy methyl-1- ( 2-phenylethylsu Ifony Dpyrro Udine 61 
То a solution of 6g (3.0 g, 15 mmol) in THF (60 ml) under 
N_ 1.2 equiv. of n-BuLi was added at -78°. After stirring 
for 1 h at room temperature benzyl bromide (4.3 g, 15 mmol) 
was added at -78°. The reaction mixture was stirred for 
1 h at room temperature and subsequently poured into a 
saturated aqueous NH^Cl solution. The aqueous layer was 
extracted with CHjC^iSO ml) and the combined organic layers 
were dried with MgSO«. After evaporation of the organic 
solvents and chromatography (silica gel, ether) of the 
residue 3.64 g (83%) of 61 was obtained. IR (NaCl): 1145, 
1325 cm"1 (S0 2); ^-NMR (CDC1 3): δ 1.50-2.23 (m, 4H, -CH 2CH 2), 
2.65-3.78 (m, 8Н, -СН 2-0, -CH2-N, S0 2CH 2, CH 2Ph), 3.35 (s, 
3H, 0CH 3), 6.85-7.57 (m, 5H, arom. ) ; [ct]p
0
 = -38.7° (c = 
0.95, CHC1 3); MS: m/e 238.0891 (М
+
-СН 20СНз) ; caled, for 
C 1 2 H 1 6 0 2 N S : 2 3 8 · 0 9 0 2 · 
(S_) - (- ) -2-Benzy loxymethyl-l-( P.-pheny le thylsulfony Dpyrrolydine 
The procedure as given for 61 was followed. Starting from 6h 
(7.0 g, 26 mmol) 5.2 g (56%) of 6m was obtained after chromat­
ography (silica gel, diisopropyl ether). Crystallization 
from diisopropyl ether gave the pure product, m.p. 53-54.5°; 
IR (KBr): 1150, 1345 cm"1 (S0 2); ^-NMR (CDCI3): 6 1.71-2.16 
(m, 4H, -CH 2CH 2-), 2.91-3.73 (m, 8H, -CH2-N, -CH 2-0, S0 2CH 2, 
CH2CJl2Ph), 3.87-4.22 (m, IH, H-C-N), 4.53 (s, 2H, 0-CH 2Ph), 
6.98-7.44 (m, 10H, arom.); [α]^ 0 = -47.2° (с = 1.09, CHC1 3); 
MS: m/e 238 (P1+-CH20CH2Ph ) ; Caled, for C 2 0 H 2 5 N 0 3 S (359.488): 
С, 66.82; H, 7.01; Ν, 3.90; found: С, 66.66, 66.47; Η, 6.99, 
7.04; Ν, 3.91, 3.98. 
1- [chiaro ( trimethy I si ly I )me thy l sul fonyl~\ -2- (methoxyme thy I) -
pyrrolidine 7_a 
To a solution of 6a (3.0 g, 13 mmol) in THF (60 ml) 1,2 
equiv. of n-BuLi was added at -78° under N 2. After stirring 
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for 1.5 h at -78° Me^iCl (1.3 equiv., 25 ml) was added. 
At room temperature the reaction mixture was poured on a 
saturated aqueous NH-Cl solution. The water layer was 
extracted once with C^Clp (30 ml) and subsequently the 
combined organic layers were dried with MgSO^. After con­
centration of the solution the residue was distilled under 
reduced pressure, b.p. 1350/0.3 torr; yield 3.3 g (83%) of 
a mixture of diastereomers 7a; IR (NaCl): 1145, 1340 (502), 
850, 1250 cm"1 (ЗіМез); ^-NMR (CDC1 3): δ 0.30 (s, 9H, SiMe 3), 
1.70-2.23 (m, 4H, -СН 2СН 2-), 3.20-3.93 (m, 4Н, -CH2-N, 
-СН 2-0), 3.33 (s, ЗН, ОСН3), 3.93-4.37 (m, IH, H-C-N), 4,46 
and 4.55 (s, IH, CHCl); MS: m/e 254.0410 (M +-CH 20CH 3); 
caled, for C 8H 1 70 2NSSiCl: 254.0438. 
2-Вепгуloxymethy I-1-chi or o(trimethylsilyl)m e thyIsulfonyl-
pyrrolídine 7_b 
The procedure as given for _7a was followed. Starting from 
6b (3.0 g, 9.9 mmol) 3.0 g (81%) of 7b was obtained after 
chromatography (silica gel, diisopropyl ether) as a mixture 
of diastereomers. IR (NaCl): 1145, 1340 (S0 2), 850, 1250 
cm"1 (БіМез); ^-NMR (CDCI3): δ 0.25 and 0.31 (s, 9H, S i ! ^ ) , 
1.71-2.31 (m, 4H, - C H ^ H ^ ) , 3.24-3.98 (m, 4H, -СН 2-0, 
-CH 2-N), 4.09-4.62 (m, IH, H-C-N), 4.48 and 4.58 (s, IH, 
CHCl), 4.53 (s, 2H, CH 2Ph), 7.32 (s, 5H, arom.); MS: m/e 
254.0446 (M + -CH 20CH 2Ph); caled, for C 8H 1 70 2NSSiCl : 254.0438. 
1- \_a hlo ro ( trimethylsily 1 ) me thy Isulfony l\ -2- [(2, 4, 6 -tri­
me thy I ) Ъеп ζ y loxyme thy l~\pyrro li dine 7_C 
The procedure as given for _7a was followed. Starting from 
6c (1.35 g, 3.9 mmol) 1.46 g (90%) of _7c was obtained after 
chromatography (silica gel, diisopropyl ether/hexane) as 
a mixture of diastereoisomers. IR (NaCl): 1145, 1335 (S0 2), 
850, 1250 cm"1 (Sil·^); ^-NMR (CDCI3): δ 0.29 and 0.41 
(s, 9H, 5іМез), 1.63-2.16 (m, 4H, -CH 2CH 2-), 2.28 (s, ЗН, 
р-СНз), 2.38 (s, 6Н, 2х 0-СН3), 3.13-3.96 (m, 4Н, -CH2-N, 
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-СН 2-0), 3.96-4.60 (m, 2Н, H-C-N, CHSiMe 3), 4.53 (br.s, 2H, 
CH 2Mes), 6.83 (s, 2H, m-H); MS: m/e 417.1566 ( M
+ ) ; caled. 
for C 1 9H 3 2NS0 3ClSi: 417.1560. 
1-[a-(tfimethylsilyI)benzyl sul fonyl] -2-(methoxymethyl)-
pyrrolidine 7_d 
The procedure as given for _7a was followed. Starting from 
6d (2.5 g, 9.3 mmol) 2.8 g (89%) of 7d was obtained after 
chromatography (silica gel, ether/ethyl acetate) as a 
mixture of diastereomers. IR (NaCl): 1140, 1330 (S0 2), 850, 
1250 cm"1 (SiMe 3); ^-NMR (CDC1 3): δ 0.19 (s, 9H, SiMe 3), 
1.02-1.96 (m, 4H, -СН 2СН 2-), 2.67-3.61 (m, 4Н, -CHg-O, 
-CH 2-N), 3.25 and 3.29 (s, ЗН, 0СН 3), 3.61-3.92 (m, IH, 
H-C-N), 4.09 and 4.17 (s, IH, CHSiMe 3), 7.31 (s, 5H, arom.); 
MS: m/e 341.1466 ( M + ) ; caled, for C 1 6H 2 70 3NSSi: 341.1480. 
2-Benzyloxymethyl-l- [a- ( t r i m e t h y I s i l y l ) b e n z y l sul ƒonyl\ -
pyrrolidine Te 
The procedure as given for ]_ъ was followed. However, the 
anion of 6e was stirred for 1.5 h at room temperature before 
silylation took place. Starting from 6e (5.0 g, 14 mmol) 
5.2 g (89%) of 7e was obtained. IR (NaCl): 1130, 1320 (S0 2), 
850, 1250 cm"1 (SiMe 3); ^-NMR (CDC1 3): 6 0.23 (s, 9H, 
ЗіМез), 1.08-2.07 (m, 4H, -CH 2CH 2-), 2.64-4.01 (m, 5Н, 
-CH2-N, -СН 2-0, H-C-N), 4.07 and 4.22 (s, IH, CHSiMe 3), 4.47 
(s, 2H, CH 2Ph), 7.31 (s, Ю Н , arom.). 
2- (2, 4, 6-trime LhyDbenzy loxymethy l-l-[(a-trinethylsilyl)-
benzylsulfonylj-pyrrolidine 7_f 
The procedure as given for T^a was followed. However, the 
anion of 6f was stirred for 1.5 h at room temperature before 
silylation took place. Starting from 6f (1.75 g, 4.5 mmol) 
1.6 g (78%) of 7_f was isolated after chromatography (silica 
gel, diisopropyl ether/hexane) as a mixture of diastereomers. 




(CDCI3): б 0.21 and 0.23 (s, 9H, SiMea), 1.05-1.98 (m, 4H, 
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- C H 2 C H 2 - ) , 2.23 (s, ЗН, р - С Н 3 ) , 2.31 (s, 6Н, 2х о- С Н 3 ) , 
2.62-3.91 (m, 5Н, -CH 2-N, -СН 2-0, H-C-N), 4.03 and 4.10 
(s, IH, £HSiMe 3), 4.55 (br.s, 2H, CH 2Mes), 6.78 (s, 2H, 
m- H ) , 7.23 (s, 5H, arom.); MS: m/e 444 (М +-СНз). 
1- (a-Trimethy lei lyDbenzylsulfony l-2-[( tripheny Imethoxy ) -
methyl\pyrrolidi-ne _7i 
The procedure as given for Ta was followed. Starting from 
6i (3.9 g, 7.9 mmol) 2.5 g (55%) of 71 was isolated after 
chromatography (silica gel, ether/di1sopropyl ether). 
IR (NaCl): 1130, 1320 (S 0 2 ) , 850, 1250 cm"
1
 (SiMe 3); I H - I W R 
(CDCI3): δ 0.55 (s, 9H, SiMe 3), 1.15-2.28 (m, 4H, - С Н 2 С Н 2 - ) , 
2.85-3.75 (m, 4Н, -CH 2-N, -СН 2-0), 3.75-4.12 (m, IH, H-C-N), 
4.23 and 4.33 (s, IH, CHSiMe 3), 7.18-7.97 (m, 20H, arom.). 
2- (Methoxyme thyl)-l-\_l-(trimethylsilyl)ethylsulJ'onyl]-
pyrrolidine 7_j 
The procedure as given for Te was followed. Starting from 
6j (2.5 g, 12 mmol) 2.50 g (75%) of 7j was obtained after 
chromatography (silica gel, ether/ethyl acetate) as a 
mixture of diastereomers. IR (NaCl): 1135, 1320 (S0 2 ) , 
845, 1250 cm" 1 (SiMe 3); ^-NMR (CDC1 3): 6 0.28 (s, 9H, 
5іМез), 1.37 (d, 3H, J = 7.5 Hz, C C H 3 ) , 1.75-2.15 (m, 4H, 
-C H 2 C H 2 - ) , 2.75 and 2.88 (2q, IH, J = 7.5 Hz, CHCH 3), 
3.05-3.68 (m, 4H, -CH 2-0, -CH 2 - N ) , 3.35 (s, 3H, 0 C H 3 ) , 
3.78-4.25 (m, IH, H-C-N); MS: m/e 234.0956 (M +-CH 20CH 3) ; 
caled, for C g H 2 0 0 2 N S S i : 234.0984. 
2-Benzyloxymethyl-l-(l-trimethylsiZyl)ethylsulfonyl-
pyrrolidine 7_k 
The procedure as given for 7e was followed. Starting from 
6k (3.0 g, 11 mmol) 3.0 g (77%) of 7k was obtained after 
chromatography (silica gel, diisopropyl ether) as a mixture 
of diastereomers. IR (NaCl): 1132, 1320 (S 0 2 ) , 843, 1252 
cm"
1
 (SiMe 3); ^-NMR (CDC1 3): δ 0.20 and 0.25 (s, 9H, SiMe 3 ) , 
1.31 and 1.34 (2d, 3H, J = 7 Hz, CHCH3), 1.73-2.02 (m, 4H, 
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- C H 2 C H 2 - ) . 2 . 7 3 and 2 . 8 3 ( 2 q , I H , J = 7 Hz, C H C H 3 ) , 3 . 1 1 - 3 . 6 8 
(m, 4 Н , - С Н 2 - 0 , - C H 2 - N ) , 3 . 8 2 - 4 . 3 1 ( m , I H , H - C - N ) , 4 . 5 2 ( s , 
2 H , C H 2 P h ) , 7 . 3 2 ( s , 5 H , a r o m . ) ; MS: m/e 234 ( M + - C H 2 O C H 2 P h ) . 
2-Methoxymethyt-l-\_2-phenyl-l-(tir,imethylsilyl)ethylsulfonylj-
pyrroli-dine _71 
The procedure as given for T^a was followed. Starting from 
61 (2.0 g, 7.1 mmol) 1.7 g (69%) of 71 was obtained after 
chromatography (silica gel, diisopropyl ether/hexane ) as 
a mixture of diastereomers. IR (NaCl): 1135, 1310 (S0 2), 
850, 1250 cm" 1 (5іМез); ^-NMR (CDC1 3): δ 0.16 and 0.20 
(s, 9H, 5іМез), 1.51-1.91 (m, 4H, -CH 2CH 2-), 2.64-3.60 
(m, 7Н, -СН 2-0, -CH 2-N, C\\2Ph, CHSiMe 3), 3.33 (s, ЗН, 0СН 3), 
3.75-4.16 (m, IH, H-C-N), 7.25 (s, 5H, arom.); MS: m/e 
310.1327 (M +-CH 20CH 3); caled, for C 1 5H 2 40 2NSSi: 310.1297. 
2-Benzy loxymethy l-l-\_2-phenyl-l-(Lrimethylsilyl)ethyl-
sulfonyl~\pyrrolidine Tm 
The procedure as given for 7a was followed. Starting from 
6m (1.8 g, 5.0 mmol) 1.6 g (76%) of 7m was obtained after 
chromatography (silica gel, diisopropyl ether/hexane) as 
a mixture of diastereomers. IR (NaCl): 1130, 1300 (S0 2), 
850, 1250 cm"1 (SiMe 3); ^-NMR (CDC1 3): δ 0.10 and 0.20 
(s, 9H, SiMe 3), 1.47-1.89 (m, 4H, -CH 2CH 2-), 2.63-3.65 (m, 
7H, -CH 2-0, -CH 2-N, CH 2Ph, CHSiMe 3), 3.78-4.08 (m, IH, 
H-C-N), 4.49 (s, 2H, 0CH 2Ph), 7.19 and 7.27 (s, 10H, arom.); 
MS: m/e 431.1969 ( M + ) ; caled, for C 2 3H 2 30 3NSSi: 431.1950. 
E_- [ ( 2-Me thoxyme thy I ) pyrrolidine sul ƒ'any IJ -phenyl sul fine 8d 
To a solution of _7d (2.53 g, 7.43 mmol) in dry THF (50 ml) 
1.2 equiv. of n-BuLi was added at -78° under N 2. After 
stirring for 0.5 h at -78° the solution was added to a 
solution of an excess of S0 2 in THF (10 ml) at -78°. The 
reaction mixture was, after stirring overnight, poured into 
a saturated aqueous NH.Cl solution. The aqueous layer was 
extracted with СН 2СІ2. The combined organic layers were 
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dried with MgSO¿ and concentrated. After chromatography 
(silica gel, ether) sul fi ne 8d (1.0 g, 43%) was crystallized 
from ether, m.p. 98.5-99.5°; IR (KBr): 1150, 1350 (S0 2), 
1050, 1125 cm"1 (C=S=0); ^ -NMR (CDC13): б 1.37-2.14 (m, 4H, 
-CH 2CH 2-), 2.94-3.83 (m, 5Н, -СН 2-0, -CH 2-N), 3.30 (s, ЗН, 
0CH 3), 7.33-7.88 (m, 5Н, arom.); MS: m/e 315 (M
+); Caled. 
for C 1 3
H
1 7
S 2 0 4 N : C' 49.50; H, 5.43; Ν, 4.44; found: С, 
49.43, 49.41; Η, 5.48, 5.46; Ν, 4.63, 4.63. 
Ε_- [2- (Benzyloxymethy I ) pyrrolidine sul f any l] -phenyl sul fine Se 
The procedure as given for 8d was followed. Starting from 
7e (5.0 g, 14 mmol) 2.5 g (44%) of 8e was obtained as an oil 
after chromatography (silica gel, diisopropyl ether). IR 
(NaCl): 1155, 1355 (S0 2), 1130 cm"
1
 (C=S=0); ^-NMR (CDC1 3): 
.6 1.25-2.42 (m, 4H, -CH 2CH 2-), 2.88-4.05 (m, 5Н, -СН 2-0, 
-CH2-N, H-C-N), 4.58 (s, 2Н, C ^ P h ) , 7.21-8.08 (m, Ю Н , arom.); 
MS: m/e 270 (M+-CH20CH2Ph ). 
E_-{2-[( 23 4 , 6-trimeth.yl)benzy loxymethy l\ pyrrolidinesulfony 1} -
phenylsulfine 8f 
The procedure as given for 8d was followed. Starting from 
7f (1.1 g, 2.4 mmol) 8f was obtained as an oil after 
chromatography (silica gel, chloroform). IR (NaCl): 1150, 
1350 (S0 2), 1050, 1130 cm"
1
 (C=S=0); ^ -NMR (CDCI3): 
δ 1.17-1.96 (m, 4H, -CH 2CH 2-), 2.20 (s, ЗН, Р-СН3), 2.26 
(s, 6Н, 2х 0-СН3), 2.83-3.83 (m, 5Н, -СН 2-0, -CH2-N, H-C-N), 
4.43 (s, 2Н, CH 2Mes), 6.81 (s, 2H, 2x m-H), 7.10-7.86 (m, 
5H, arom.); MS: m/e 270.0242(M+-CH20CH2Mes ) ; caled, for 
C 1 1 H 1 2 N 0 3 S 2 : 2 7 0 · 0 2 5 9 · 
3, 6-Dihydro-4, S-dimethyl-2-[_2- (me bhoxyme thyDpyrrolydine-
sulfonyl\-2-phenyl-2H-thiapyran-l-oxide £d 
To a solution of 8d (150 mg, 0.48 mmol) in CH2C12 (3 ml) 
an excess of 2,3-dimethyl-1.3-butadiene was added. After 
stirring tor 1 week at room temperature in the dark cyclo-
adduct 9d (170 mg, 90%) was obtained after chromatography 
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(silica qel, ether) as a mixture of diastereomers. IR (NaCl)/ 
1145, 1330 (S0 2), 1050 cm"
1
 (S=0); ^-NMR (CDC1 3): δ 1.33-
2.23 (m. 4H. -CH 2CH 2-), 1.54 and 1.78 (s, 6H, 2x C H 3 ) , 
3.21 and 3.30 (s, ЗН, 0СН 3), 4.12-4.42 (m. IH, H-C-N), 
7.32-7.57 (m, ЗН, arom.), 7.63-7.98 (m, 2H, 2x o-H), 2.15-
3.93 (m, 8H, remaining protons); MS: m/e 352 (M +-CH 20CH 3 ). 
The predominant diastereomer could be obtained separately 
by crystallization from methanol, m.p. 145.5-146.5°. IR 
(KBr): 1145. 1330 (S0 2), 1050 cm"
1
 (5=0): ^-NMR (CDC1 3): 
6 1.54 and 1.78 (s, 6H, 2x C H 3 ) , 1.45-2.00 (m, 4H, -CH 2CH 2-), 
3.21 (s, 3H, 0CH 3), 7.26-7.50 (m, 3H, arom.), 7.63-7.93 fm, 
2H, 2x o-H), 2.72-3.93 im, 8H, remaining protons). 
Determination of d.e. by ^-NMR: Yb(tfc) 3 (0CH3) and HPLC: 
Si-60, 254 nm, 2.0 ml/min, hexane/chloroform (60:40). 
2- [2- (Benzi/ loxymethy I Jpyrro lidineeulfonyl~\ -3 , 6-dihydro-4 . 5-
dimethyl-2-phenyl-2H-thiapyr<an-l-oxidß 9e 
The procedure as given for 9d was followed. Starting from 
8e (0.2 g, 0.5 mmol) 0.22 g (95%) of 9e was obtained after 
chromatography (silica gel, ethyl acetate/petr.ether 60-80) 
as a mixture of diastereomers (temperature during cyclo-
additon: 25°). IR (NaCl): 1140, 1330 (S0 2), 1060 cm"1 (S=0); 
^-NMR (CDC13): δ 1.38-2.11 (m, 4H,-CH2CH2-),1.53 and 1.74 
(s, 6H, 2x C H 3 ) , 4.11-4.56 (m, IH, H-C-N), 4.37 and 4.47 
(s, 2H, £H 2Ph), 7.06-7.50 (m, 8H, arom.), 7.70-7.96 (m, 2H, 
arom.), 2.40-3.93 (m, 8H, remaining protons); MS: m/e 352 
(M +-CH 20CH 2Ph). Determination of d.e. by ^-NMR: Yb(tfc) 3 
(CH2Ph) and HPLC: Si-60, 254 nm, 2.0 ml/mi η , hexane/ethyl 
acetate (75:25). 
¿,6-Dihydro-4, S-dimethyl-2-pheny l-2-\_2- ( 2, 4, б-ЬггтеЬЬуЪЪепгуЪ-
oxymethyl)pyrrolidine sul fonyl]-2 H-thiapyran-1-oxide £f 
The procedure as given for 9^d was followed. Starting from 
8f (0.3 g, 0.7 mmol) 0.25 g (70%) of 9f was obtained 
after chromatography (silica gel, diisopropyl ether) as 
a mixture of diastereomers (temperature during cycloaddition: 
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25°). IR (NaCl): 1145, 1330 (S 0 2 ) , 1060 cm"
1
 (S=0); ^ - N M R 
(CDC1 3): δ 1.23-1.97 (m, 4H, - C H 2 C H 2 - ) , 1.53 and 1.73 (s, 
6H, 2x CK 3C=C), 2.21, 2.23 and 2.30 (s, 9H, 2х 0-СН3, Р-СН3), 
4.00-4.53
 %m, IH, H-C-N), 4.32 and 4.43 (s, 2H, Cj^Mes), 
6.80 (s, 2H, 2x m - H ) , 7.13-7.56 (m, 3H, arom.), 7.56-7.80 
(m, 2H, arom.), 2.60-4.00 (m, 8H, remaining protons); MS: 
m/e 352.1056 (M +-CH 2OCH 2Nes) ; caled, for C 1 7 H 2 2 N S 2 0 3 : 
352.1042. Determination of d.e. by ^-NMR: 4 b [ t f c ) 3 (p-CH 3) 
and HPLC: Si-60, 254 nm, 2.0 ml/min, hexane/ethyl acetate 
(75:25). 
P-Chloro-O, 6-d-ihydro-2-[p- (me thoxymethy I ) pyrrolidine sul f any l\ -
4, S-dbmethyl-2H-thbapyran-i-oxzde 9_a 
To a solution of 7a (1.45 g, 4.84 mmol) in dry THF (50 ml) 
1 2 equiv. of n-BuLi was added at -78° under N-. After 
stirring for 1.5 h at -78° the reaction mixture was added 
to a solution of an excess of S0 2 in THF (5 ml). A large 
excess of 2,3-dimethyl- 1,3-butadiene is added at -78°. 
After stirring overnight in the dark, the mixture was 
poured into a saturated aqueous solution of NH.C1. The 
aqueous layer was extracted with ( ^ C K and the combined 
organic layers were concentrated after drying with MgSO^. 
Chromatography (silica gel, diisopropyl ether) gave 9a 
(0.99 g, 57%) as a mixture of diastereomers. IR (NaCl): 
1155, 1340 ( S 0 2 ) , 1070 cm"
1
 (S=0); ^ - N MR (CDC1 3): S 1.73 
(s, 6H, 2x CH 3C=C), 1.79-2.31 (m, 4H, 2x C H 2 ) , 3.36 (s, ЗН, 
0 С Н 3 ) , 4.19-4.57 (m, IH, H-C-N), 2.96-3.90 (m, 8H, remaining 
protons); MS: m/e 355.0705 ( M + ) ; caled, for C 1 3 H 2 2 N S S 0 4 C 1 : 
355.0680. Determination of the d.e. by ^-NMR: Yb(tfc) 3 




The procedure as given for 9a was followed. Starting from 
7b (2.5 g,6.65 mmol) 1.3 g (44%) of 9b was obtained after 
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chromatography (silica gel.ether) as a mixture of dia-
stereomers (temperature during the cycloaddition: -78 ). IR 
(NaCl): 1150, 1340 (S0 2), 1080 cm"
1
 (S=0); ^-NMR (CDC1 3): 
δ 1.82-2.24 (m, 4H, - C H 2 C H 2 - ) , 1.71 (s, 6Н, 2х СН 3С=С), 4.16-
4.62 (m, IH, H-C-N), 4.54 (s. 2H, CH 2 P h ) , 7.32 (s, 5H, arom.), 
2.82-4.08 (m, 8H, remaining protons);MS: m/e 310.0366 (M+-
CH 20CH 2Ph);calcd. for C 1 1 H 1 7 N S 2 0 3 C 1 : 310.0339. Determination 
of the d.e. by ^-NMR: Pr(hfc) 3 (CH 2Ph) and HPLC: Si-60, 
254 nm, 2.0 ml/min, hexane/ethyl acetate (70:30). 
2-Chloro-3,e-dihydro-á,5-dime thyl-2-{2-[(234,6-tvimethyl)-
benzy loxymethy l\pyrrolidÎnesulfonyl}-2H-thiapyran-l-oxtde 9_c 
The procedure as given for 9a was followed. Starting from 
_7c (1.0 g, 2.4 mmol) 0.5 g (44%) of 9c was obtained as a 
mixture of diastereomers (temperature during the cyclo-
addition: -78°). IR (NaCl): 1150, 1345 (S0 2), 1085 cm"1 
(5=0); ^ -NMR (CDC1 3): δ 1.46-2.45 (m, 4H, - C H 2 C H 2 - ) , 1.70 
(s, 6Н, 2х СН 3С=С), 2.21 (s, ЗН, р - С Н 3 ) , 2.31 (s, 6Н, 2х 
о- С Н 3 ) , 4.08-4.64 (m, IH, H-C-N), 4.50 (s, 2H, CH 2Mes), 
6.81 (s, 2H, 2x m - H ) , 2.78-4.08 (m, 8H, remaining protons); 
MS: m/e 310.0364 (M +-CH 20CH 2Mes ) ; caled, for C ^ ^ N S ^ C l : 
310.0339. Determination of the d.e. by ^-NMR: Yb(tfc) 3 
(p-CH 3) and HPLC: Si-60, 254 nm, 2.0 ml/min, hexane/ethyl 
acetate (75:25). 
3,6-Dihydro-4jS-dimethyl-2-phenyl-2{2-[(triphenyImethoxy)-
me thy l'I pyrro lidinesulfonyl} -?,H-thiapy ran-1-oxide £i 
The procedure as given for 9^a was followed. Starting from 
7i (1.0 g, 1.75 mmol) 0.273 g (25%) of 9i was obtained 
after chromatography (silica gel, ethyl acetate/petr,ether 
60-80) as a mixture of diastereomers (temperature during 
the cycloaddition: 25°). IR (NaCl): 1145, 1330 (S0 2 ) , 1060 
cm"
1
 (S=0); ^-NMR (CDC1 3): δ 1.36-2.10 (m, 4H, - C H 2 C H 2 - ) , 
1.51 and 1.71 (s, 6H, 2x CH 3C=C), 4.03-4.53 (m, IH, H-C-N), 
6.93-7.56 (m, 18H, arom.), 7.56-7.96 (m, 2H, arom.), 
2.43-4.03 (m, 8H, remaining protons); MS: m/e 366 (М +-0СРЬз). 
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Determination of the d.e. by ^-NMR: Yb(hfc) 3 (C=C-CH 3). 
3 , 6-Dihydro-2-\_2- (me thoxyme thy I Jpyrro l г din e s ui fany IJ -2, 4 . 5-
trimethyl-2H-thiapyran-l-oxide 9^j 
The procedure as given for 9^a was followed. Starting from 
7j (1.0 g, 3.6 mmol) 0.54 g (45%) of 9j was obtained after 
chromatography (silica gel, ethyl acetate/petr. ether 60-80) 
as a mixture of diastereomers (temperature during the cyclo­
addition: -78°). IR (NaCl): 1150, 1320 ( S 0 2 ) , 1060 cm"
1 
(S=0); ^ -NMR (CDC1 3): 6 1.58 (s, 3H, C H 3 C S 0 2 ) , 1.66-2.55 
(m, 4H, - C H 2 C H 2 - ) , 1.80 (s, 6H, 2x CH 3 C = C ) , 3.36 (s, 3H, 
OCH3), 3.98-4.56 (m, IH, H-C-N), 2.55-3.98 (m, 8H, remaining 
protons); MS: m/e 290.0855 ( M + - C H 2 0 C H 3 ) ; caled, for 
C 1 2 H 2 0 N S 2 0 3 : 2 9 0 · 0 8 8 5 · Determination of the d.e. by ^-NMR: 
Pr(hfc) 3 ( S 0 2 C C H 3 ) . 
2- [2- (Benzyloxymethyl ipyrvolidineeul forty l] -3, 6-аъЬ.уаго-2, 4,5-
trimethy l-2H-thiapyï>an-l-oxide Эк 
The procedure as given for 9a was followed. Starting from 
_7k (1.0 g, 2.8 mmol) 0.48 g (42%) of 9k was obtained after 
chromatography (silica gel, ether/ethyl acetate) as a mixture 
of diastereomers (temperature during the cycloaddition: -78 ). 
IR (NaCl): 1150, 1320 ( S 0 2 ) , 1060 cm"
1
 (S=0); ^ - N M R (CDClj): 
δ 1.57 (s, 3H, C H 3 C S 0 2 - ) , 1.37-2.48 (m, 4H, - С Н 2 С Н 2 - ) , 1.77 
(s, 6Н, 2х СН 3 С = С ) , 3.97-4.57 (m, IH, H-C-N), 4.52 (s, 2H, 
CH 2 P h ) , 7.31 (s, 5H, arom.), 2.33-3.97 (m, 8H, remaining 
protons); MS: m/e 290.0891 ( M + - C H 2 0 C H 2 P h ) ; caled, for 
C 1 2 H 2 0 N S 2 0 3 : 2 9 0 · 0 8 8 5 · Determination of the d.e. by ^-NMR: 
Pr(hfc) 3 (S0 2CCH 3) and HPLC: Si-60, 254 nm, 50 ml/min, 
hexane/ethyl acetate (90:10). 
2-Benzyl-3, 6-dihydro-2- \_2-( me thoxyme thy I )pyrrol-id-ine-
sulfony l\ -4 j 5-dime thy l-2H-thiapyran-l-oxide 9_1 
The procedure as given for 9a was followed. Starting from 
71 (1.0 g, 2.8 mmol) 0.47 g (46%) of 91 was obtained after 
chromatography (silica gel, ether/ethyl acetate) as a mixture 
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of diastereomers (temperature during the cycloaddition: 
-78°). IR (NaCl): 1140, 1330 ( S 0 2 ) , 1060 cm"
1
 (S=0); ^ - N M R 
(CDC1 3): б 1.30-2.33 (m, 4H, - C H 2 C H 2 - ) , 1.53 and 1.68 (s, 
6H, 2x CH 3 C = C ) , 3.30 and 3.46 (s, ЗН, 0 С Н 3 ) , 4.02-4.57 (m, 
IH, H-C-N), 6.93-7.60 (m, 5H, arom.), 2.47-4.02 (m, Ю Н , 
remaining protons); MS: m/e 366.1222 (M +-CH 20CH 3 ) ; caled. 
for C 1 8 H 2 4 N S 2 0 3 : 366.1195. Determination of the d.e. by 
^-N M R : Yb(hfc)3 (0CH 3). 
2-Benzyl-2-\_2 (benzyloxymethyl ) pyrrolidine sul fony I \ -3, 6-
dihydro-4j5-dimethyl-2H-thiapyran-l-oxide 9m 
The procedure as given for 9d was followed. Starting from 
7m (1.2 g, 2.8 mmol) 0.32 g (24%) of 9m was obtained after 
chromatography (silica gel, hexane/ethyl acetate) as a 
mixture of diastereomers (temperature during the cycloaddition: 
-78°). IR (NaCl): 1140, 1310 ( S 0 2 ) , 1060 cm"
1
 (S=0); iH-NMR 
(CDC1 3): δ 1.35-2.20 (m, 4H, - C H 2 C H 2 - ) , 1.45 and 1.65 (s, 
6H, 2x C H 3 C = C ) , 4.03-4.65 (m, IH, H-C-N), 4.48 (s, 2H, 
0CH 2 P h ) , 7.30 (s, 10H, arom.), 2.50-4.03 (m, 10H, remaining 
protons); MS: m/e 366.1218 (M + -CH 20CH 2Ph ) ; caled, for 
C 1 8 H 2 4 N S 2 0 3 : 3 6 6 - 1 1 9 8 · Determination of the d.e. by ^-NMR: 
Pr(hfc) 3 (CH 2Ph). 
6.5 REFERENCES 
1. J.D. Morrison and H.S. Mosher in "Asymmetric Organic 
Reactions", Prentice Hall, Englewood Cliffs, New York, 
1971; D. Valentine and J.W. Scott, Synthesis, 329 (1978); 
"Topics in Stereochemistry", N.L. Allinger and E.L. 
Eliel, Eds., Interscience Pubi., J. Wiley and Sons, 
New York, 1967-1979, vol. 1-11; J.W. Apsimon and R.P. 
Sequin, Tetrahedron 35, 2797 (1979); H. Wijnberg, 
Reel. Trav. Chim. Pays-Bas 100, 393 (1981). 
2. H.B. Kagan, "Organische Stereochemie", Georg Thieme 
Verlag, Stuttgart, 1977; H. Pracejus, Fortschr. Chem. 
Forsch. 8, 493 (1967). 
140 
0. Cervinka and A. Faksyova, Tetrahedron Lett., 1179 
(1967). 
V. Prelog and M. Wilhelm, Helv. Chim. Acta 37, 1634 
(1954). 
E.J. Corey and H.E. Ensley, J. Am. Chem. Soc. 9_7, 6908 
(1975); R.K. Boeckman Jr., P.C. Naegely and S.D. Arthur, 
J. Org. Chem. 45, 752 (1980); G. Helmchen and R. 
Schmierer, Angew. Chem. 9^, 208 (1981); Angew. Chem. 
Int. Ed. Engl. 20, 205 (1981); W. Oppolzer, M. Kurth, 
D. Reichlin and F. Moffatt, Tetrahedron Lett., 2545 
(1981); W. Oppolzer, M. Kurth, D. Reichlin, С Chapuis, 
M. Mohnhaupt and F. Moffatt, Helv. Chim. Acta 64, 2802 
(1981); W. Oppolzer, С Chapuis, G. Mao Dao, D. Reichlin 
and T. Godei, Tetrahedron Lett., 4781 (1982). 
B.M. Trost, S.A. Godleski and J.P. Genêt, J. Am. Chem. 
Soc. К Ю , 3930 (1978); B.M. Trost, D. O'Krongly and 
J.L. Belletire, J. Am. Chem. Soc. 102_, 7595 (1980); 
S. David, J. Eustache and A. Lubineau, J. Chem. Soc. 
Perkin I, 1795 (1979); T. Mukaiyama and N. Iwasawa, 
Chem. Lett. , 29 (1981). 
S. Hashimoto, N. Komeshima and К. Кода, J. Chem. Soc. 
Chem. Commun., 437 (1979). 
A. Korolev and V. Mur, Dokl. Akad. Nauk. SSSR 59, 251 
(1948). 
B.M. Trost, D. O'Krongly and J.L. Belletire, J. Am. 
Chem. Soc. 102, 7595 (1980). 
G. Helmchen and R. Schmierer, Angew. Chem. 9J3, 208 (1981). 
T. Mukaiyama and N. Iwasawa, Chem. Lett., 29 (1981); 
S.G. Pyne, M. Hensel and P. Fuchs, J. Am. Chem. Soc. 
104, 5719 (1982); W. Oppolzer and E. Flaskamp, Helv. 
Chim. Acta 60, 204 (1977); E.J. Corey and H.E. Ensly 
J. Am. Chem. Soc. 97^, 6908 (1975). 
H.M. Walborsky, L. Barash and T. Davis, Tetrahedron 19, 
2333 (1963). 
B. Zwanenburg, Reel. Trav. Chim. Pays-Bas Н И , 1 (1982). 
141 
14. В. Zwanenburg, L. Thijs, J.B. Broens and J. Strating, 
Reel. Trav. Chim. Pays-Bas 9_1, 443 (1972). 
15. B. Zwanenburg, L. Thijs and J. Strating, Tetrahedron 
Lett, 4461 (1969). 
16. К. Drauz, Α. Kleemann and J. Martens, Angew. Chem. 94, 
590 (1982). 
17. D. Enders and H. Eichenauer, Chem. Ber. П2_, 2933 (1979). 
18. M. Nkunya: personal communication. 
19. L.A. Raquette, J.P. Freeman, S. Maiorana, Tetrahedron 
27, 2599 (1971). 
20. M. van der Leij, P.A.T.W. Porskamp, B.H.M. Lammerink 
and B. Zwanenburg, Tetrahedron Lett., 811 (1978). 
21. D. Seebach et al., Helv. Chim. Acta 60, 301 (1977). 
22. The chi orómethanesulfonyl chloride was synthesized by 
reaction of trithioformaidehyde with chlorine and 
water. 2 3 For high yields of chioromethanesulfonyl chloride 
it was essential to start with recrystal1 i zed trithio-
formaldehyde. 
23. H. Brintzinger et al., Chem. Ber. 85^, 455 (1952). 
24. W.L. Mock, J. Am. Chem. Soc. 97, 3673 (1975). 
25. Although the ratio of diastereoners can be determined 
by non-optically active shift reagents, in this case 
optically active shift reagents gave better results. 
142 
C H A P T E R 7 
ASYMMETRIC CYCLOADDITION REACTION OF CHIRAL SULFINES 
DERIVED FROM CAMPHOR AND SULFOXIMINES 
7 . 1 ABSTRACT 
Complete asymmetr ic i n d u c t i o n was a c h i e v e d d u r i n g the 
[4 + 2 ] - c y c l o a d d i t i on r e a c t i o n of 1 0 - c h l o r o - 1 0 - s u l f i n y l -
camphor 1_ w i t h 2 , 3 - d i m e t h y l - 1 , 3 - b u t a d i e n e . A lso s u l f o x i m i n e 
d e r i v e d s u l f i n e s 9 gave complete asymmetr ic i n d u c t i o n d u r i n g 
the c y c l o a d d i t i o n r e a c t i o n w i t h 2 , 3 - d i m e t h y l - 1 , 3 - b u t a d i e n e . 
7.2 INTRODUCTION 
In the p r e c e d i n g c h a p t e r the asymmetr ic i n d u c t i o n 
d u r i n g r e a c t i o n s o f p r o l i n e d e r i v e d c h i r a l s u l f i n e s w i t h 
2 , 3 - d i m e t h y l - 1 , 3 - b u t a d i e n e was d e s c r i b e d . I t was c o n c l u d e d 
t h a t a p o s s i b l e reason f o r the moderate o p t i c a l y i e l d s 
( d . e . va lues up t o 40% were f o u n d ) i s t h a t the i n d u c i n g 
c h i r a l c e n t r e i s at a t o o remote p o s i t i o n w i t h r e s p e c t t o 
the s u l f i n e f u n c t i o n t o be very e f f e c t i v e . T h e r e f o r e , we 
searched f o r c h i r a l s u l f i n e s h a v i n g the i n d u c i n g c e n t r e i n 
c l o s e p r o x i m i t y t o the s u l f i n e m o i e t y t o ensure a p p r e c i a b l e 
d i a s t e r e o s e l e c t i v e r e a c t i o n s . A s we focus our a t t e n t i o n on 
asymmetr ic [4 + 2 ] - c y c l o a d d i t i on r e a c t i o n s o f s u l f i n e s , a 
second s t r u c t u r a l r e q u i r e m e n t t o be put f o r w a r d i s t h a t 
the s u l f i n e s h o u l d possess an e l e c t r o n w i t h d r a w i n g s u b s t i t u e n t 
at the s u l f i n e carbon atom i n o r d e r t o g u a r a n t e e s u f f i c i e n t 
d i e n o p h i l i c i t y . ' ' 2 
This c h a p t e r d e a l s w i t h the D i e l s - A l d e r r e a c t i o n of 
two types of c h i r a l s u l f i n e s , υ-ίζ. 10-chl o r o - 1 0 - s u l f i n y l -










7 . 3 RESULTS AND DTSCUSSION 
I t i s w e l l decomented t h a t c h i o r o s u l f i n e s are prone t o 
undergo D i e l s - A l d e r r e a c t i o n s . 1 An a t t r a c t i v e c a n d i d a t e f o r 
the s t u d y of asymmetr ic c y c l o a d d i t i o n r e a c t i o n s i s t h e r e f o r e 
10-chl o r o - 1 0 - s u l f i n y l camphor 1_. 3 In t h i s m o l e c u l e the 
s u l f i n e f u n c t i o n i s connected w i t h the c h i r a l r i g i d b i c y c l i c 
framework r e l a t e d t o camphor. I n t e r e s t i n g l y , t h i s c h l o r o 
s u l f i n e i s the f i r s t s t a b l e s u l f i n e ever p r e p a r e d . 3 A l t h o u g h 
t h i s s u l f i n e 1^  has been known s i n c e 1923, t h e g e o m e t r i c a l 
c o n f i g u r a t i o n had n o t been e s t a b l i s h e d . An X-ray a n a l y s i s 
r e v e a l e d t h a t s u l f i n e 1_ p r e p a r e d a c c o r d i n g t o Wedekind 
has the Z-geometry1 1 ( F i g u r e 7 . 1 ) . In s p i t e o f the presence 
Fi gure 7 . 1 
УМ ν 
1 \ ° 
of a chlorine atom at the sulfine carbon atom sulfine 1_ was 
rather sluggish in the reaction with 2 ,3-dimethyl-1,3-
butadiene. This is probably due to the retarding effect 
exerted by the bulky bicyclic skeleton. At room temperature 
the Diels-Alder reaction of 1_ gave a yield of only 10% of 
2a after a reaction time of 10 days. Fortunately, by per­
forming the reaction at 70° the cycloaddition was completed 
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in one week (yield 80% after p u r i f i c a t i o n 5 ) . The ^H-NMR 
spectrum, the sharp melting point (118-119°) and an extensive 
HPLC- and TLC analysis showed that a single diastereoner 
had been obtained. Therefore, the cycloaddition reaction 
proceeds with complete asymmetric induction. An X-ray 
analysis of the obtained dihydrothiapyran S-oxide 3a 
(Figure 7 . 2 ) h showed that the chlorine atom and sulfoxide 






oxygen are in the a i s position to each other. This implies 
that during the cycloaddition reaction the stereochemistry 
present in the sulfine (z-geometry) is retained in the 
adduct 3a. 
An interesting observation was made when the cyclo­
addition of \ was carried out in the presence of pyridine. 
Now two cycloadducts could be isolated by chromatography, 
viz. 3a and 2b (Figure 7 . 2 ) . The newly obtained adduct 3b 
was analyzed by X-ray di ffractiоп ц. It turns out that this 
adduct 2Ь ^ 3 5 t^ 6 chlorine and sulfoxide in the trans 
relationship. As the cycloaddition reaction is a stereo-
specific p r o c e s s 1 » 2 this means that the adduct 2^ originates 
from the chiorosulf ine with an Ε-geometry. This result can 
readily be rationalized by invoking an i someri zation of 
the z-sulfine into its ff-isomer under influence of base. 
Such an isomerization of sulfines, which has been observed 
previously 6, proceeds by an addition/elimination mechanism. 
In the absence of pyridine the z-chlorosulfi ne produces 
exclusively the cycloadduct 3a. 
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From the spatial structures of ^ a and ЗЬ as portrayed 
in Figure 7.2 it can readily be reconstructed that the 
4 
Cs,Sre-fQce X ^ 
Cj, Sfg-iace 
S s T ' û « / 
CreSre-face 
cresre-'a|:e CeiSci -face 
diene has approached the Z-sulfine from the C r e S s i - f a c e 
and the ^ -sulfine from the Cs-¡ Ss-j-f ace. In order to gain 
insight in the steric course of the cycloaddition process 
the rotational isomerism about the C ^ - C I Q bond needs to 
be considered. It is assumed that rotamers with minimized 
steric and electrostatic interactions are those having the 
chlorine atom and the CSO-group in the bisecting plane of 
the Ст-gem. dimethyl group with CI either syn or a n t i to 
C-j. On the above considerations two models for the approach 
of the diene to the sulfine can be envisaged, viz. 4^ a and 
^b for the Z-sulfine and 5^ a and 5_b for the E-sulfine. 









i - f a c e of the ff-isomer, it is suggested that the least 
steric hindrance will be encountered when the attack takes 
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place from the rear side avoiding unfavourable interaction 
with the Cp carbonyl function. Accepting this steric 
shielding of the carbonyl group the donor-acceptor complex 
preceding the cycloaddition reaction will preferably arise 
from the conformer with the CI syn to C 7 for the Z-isomer 
(^ •a) and from the conformer with the CSO group syn to C 7 
for the K-sulfine (5a). The high asymmetric induction is 
most likely attributable to the presence of the rigid chiral 
bicyclic system in the close vicinity of the sulfine moiety 
and the fact there is only one bond ( C I - C , Q ) which gives 
rise to rotational isomerism. 
A second type of chiral sulfine with promising prospects 
in asymmetric reactions has a sulfoximino substituent direct-
ly attached to the sulfine function. Sulfoximines have a 
good reputation as asymmetry inducing groups, i.e. good 
optical yields are reported for the synthesis of optically 
active oxiranes 7 and cyclopropanes 7, resolution of k e t o n e s 6 , 
stereoselective alkylation reaction 1 3 and the preparation 
of optically active a l c o h o l s 1 0 . In most cases a derivative 
of the readily accessible optically active (S)-(+)-s-methyl-
5-phenylsulfoximine is used as starting material. 7 This 
compound could easily be modified into a suitable precursor 
for the synthesis of sulfoximine sulfines (scheme 7 . 1 ) . 
W-Methylation* 1 and ff-tosylation12, respectively, of optically 
active methyl-phenyl sul foximine following literature procedures 
scheme 7.1 _ 
1)n-BuU 
Ph»-S — CH, 
H 
£a:R2 = Me 
b: R2 = Tos 
-»-Ph»-S—СН 2СНз 2) Me J 
t-BuOCKO і і ^ с н ^ 
for d see ref.9 II 11 
11 
la.R2= Me 
b: R 2 =Tos 
2c : R 2 • Me 
d: R 2 =Tos 
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gave compounds б^ а ,b. Subsequent C-methyl ati on of the 
S(0)(N-)-CH 3 groups leads to appropriate precursors _7a,b 
for the sulfine synthesis (scheme 7.2) using the modified 
Peterson method (see scheme 1.9, Chapter 1 ) . 
scheme 7.2 
Ri — S —CH2R3 
II 
7 R 2 
О ЗіМез 
1)n-BuL¡ jj I _ 
*- R, — S — С — R, 
2)Мез5ІСІ y | 












The chloromethyl sulfoximines T^ c.d also seem attractive 
sulfine precursors as they will lead to chiorosulf i nes 
which for sure are willing to give Diels-Alder reactions. 
C-Chi ori nati on of the S(0)(N-)-CH 3 group in б^ а was 
accomplished with tert.butyl hypochlori de. Direct chlorinat-
ion of 6b was virtually impossible, therefore a detour 
sequence of reactions needed to be followed as described 
previously by Johnson and Corkins. 9 The precursor T^d was 
prepared from (-)-[R)-S-methyl-S-phenylsul foximi ne of 80% 
optical purity. For comparison racemic sulfoximines 7e,f 
were also prepared simply starting from ethyl phenyl 
sulfoxide. Similarly, the racemic p-tolyl derivatives _7g,h 
were readily obtained. 
For the preparation of sulfines 9^  from precursors ]_ 
using the alkylidenation of sulfur dioxide the first step 
involves trimethyl silylation. The silyl compound 8a derived 
from 7a was extremely sensitive towards water as it gave 
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inmediato desilylation during aqueous work-up. Therefore, 
•in s i t u prepared silyl compound 8a was deprotonated by 
n-butyl1 ithiurn to provide the desired α-silyl carbanion 
which then was added to an excess of sulfur dioxide in 
THF at -78°. The thus-obtained sulfine 9a was very sensitive 
towards hydrolysis 1" (aqueous work-up leads to starting 
compound 7_a ). For this reason the in s i t u prepared sulfine 
9a was subjected to cycloaddition with 2,3-dimethyl-1,3-
butadiene yielding dihydrothiapyran 5-oxide 10a as an oily 
material. In a similar fashion precursor _7b was converted 
into cycloadduct П)Ь (silyl compound 8b nor sulfine 9^ b 
were isolated) (Table 7.1, page 1 5 2 ) . 
Extensive analysis of the adducts ^_0a,b by means of 
^ - N M R (using a variety of shift r e a g e n t s ) , HPLC and TLC 
indicated that in both cases a single diastereomer had been 
obtained. This allows the conclusion that within the limits 
of detection the Diels-Alder reaction has taken place with 
complete diastereoselectivity. With the racemic analogs, 
viz. 7e,f , the corresponding cycloadducts IQe,f were 
prepared. By means of H-NMR analysis using optishift 
reagents it was shown that 1:1 mixtures of enantiomers 
were obtained in both cases (racemic single diastereomers ). 
Similar results were obtained for the racemic p-tolyl 
derivatives _7g,h (for an experimental complication see 
experimental section) and in s i t u prepared chiorosulfi ne 
^с. With chi orosul f i ne 9^ d prepared from chloromethyl 
compound 7d of 80% optical purity a 4:1 mixture of enan­
tiomers of adduct IJJd was isolated. Again complete induction 
was observed. The p-tolyl adduct Wg produced nice crystals. 
By crystal picking one enantiomer of the adduct IQg was 
obtained. From such a crystal an X-ray analysis was 
performed (Figure 7.A)." As was deduced from this analysis 
the sulfoxide oxygen and the adjacent methyl group have a 
eis-rel ationship. This implies - only a single diastereomeriс 
adduct was isolated - that the sulfine 9g must have the 
z-geometry (see ref. 1 and 2 ) . 
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Fi gure 7.4 
It is assumed, by extrapolation, that in the other 
cases, where no X-ray analyses are available, also Z-sulfines 
are formed in the modified Peterson reaction. 
The relative stereochemical relationship of the chiral 
centres in the adduct H)g as deduced from the X-ray analysis, 
allows the reconstruction of the approach of the diene to 
the sulfine function during the Diels-Alder reaction. The 
further discussion will be based on the stereochemistry of 
the adduct shown in Figure 7.4. The absolute configurations 
of the respective chiral centres is not known, however, 
this is not essential for the discussion. Thus, from Figure 
7.4 it is concluded that the diene has reacted with the 
sulfine from the С -S --face. To understand the stereo­
chemical course of the cycloaddition reaction information 
about the preferred conformations of the sulfine substrate 
is required. In analogy with arylsulfones it is assumed that 
the p-tolyl ring is positioned in a plane perpendicular to 
the bisecting plane of the sulfoximine group. On this basis 
conformations of the sulfine are virtually determined by 
rotations about the bond between the sulfoximine sulfur 
atom and sulfine carbon atom. Two rotamers with minimized 
steric and electrostatic interactions are conceivable, 
viz. one with the CSO function syn with respect to the 
p-tolyl group and one having the sulfine function placed 
anti to the p-tolyl group. The donor-acceptor complex of 
sulfine and diene preceding the cycloaddition reaction will 
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most likely arise from an aproach of the diene to the 
sulfine conformation which has the least hindered С -S .-
face. Inspection of molecular models clearly reveals that 
a diene reaction of the rotamer with the CSO function a n t i 
to the tolyl group encounters the least steric hindrance 
(see Figure 7 . 5 ) . In other words, it is suggested that 
Fi gure 7.5 
C s l S s l - f a c e 
C r e S r e -face 
the steric hindrance exerted by the iV-methyl group of the 
sulfoximine function is responsible for the high diastereo-
sel ecti vi ty. 
For further characterization some cycloadducts (IQf,g ,h ) 
were converted into the corresponding sulfones И^. In two 
cases this oxidation was accompanied by the formation of 
epoxides 1^ [of. ref. 2 ) . 
The in s i t u prepared sulfine 9f was also treated with 
cyclopentadiene. After chromatography a crystalline cyclo-
adduct was obtained (yield 4 5 % ) - Considerable loss of 
material by decomposition had to be accepted. Unfortunately, 
the ^H-NMR was inconclusive about the exact structure of 
the crystalline product. It seems that only partial asymmetric 
induction has occurred. The in s i t u prepared sulfine £g 
gave unsatisfactory results upon reaction with cyclopenta-
diene, only decomposition was observed. Sulfine 9 h, on 
standing with cyclopentadiene yielded a crystalline material. 
However, its structure could not be established with certain-
ty from the ^H-NMR spectrum. 
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TABLE 7 .1 : Synthesis of dihydrothiapyran s-oxides JO according to 
scheme 7.2 

















































































Percentages in parentheses refer to y ields based on isolated 
s i l y l compounds 8 
I t may be c o n c l u d e d from t h e r e s u l t s d e s c r i b e d i n t h i s 
c h a p t e r t h a t s u l f i n e s are v e r y i n t e r e s t i n g s u b s t r a t e s i n 
asymmetr ic c y c l o a d d i t i o n r e a c t i o n s . Remarkably h i g h degrees 
o f asymmetr ic i n d u c t i o n were o b t a i n e d w i t h two types of 
s u l f i n e s w i t h e n t i r e l y d i f f e r e n t s u b s t i t u e n t s . The h i g h 
d i a s t e r e o s e l e c t i v i t y i s a t t r i b u t e d t o the f a c t t h a t the 
r e s p e c t i v e i n d u c i n g c e n t r e s are d i r e c t l y a t t a c h e d t o the 
s u l f i n e carbon atom and t h a t b o t h s u l f i n e s have a l i m i t e d 
number o f bonds c a u s i n g r o t a t i o n a l i s o m e r i s m . 
The r e s u l t s p r e s e n t e d here c l e a r l y s t i m u l a t e the 
f u r t h e r r e s e a r c h o f asymmetr ic r e a c t i o n w i t h s u l f i n e s . 
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7 . 4 EXPERIMENTAL SECTION 
M e l t i n g p o i n t s were determined on a R e i c h e r t ho ts tage 
microscope and are u n c o r r e c t e d . ^H-NMR s p e c t r a were r e c o r d -
ed on a Var ían E-390 spec t romete r us ing TMS as i n t e r n a l 
S tandard . IR s p e c t r a were run on a Pe rk i n -E lme r 257 G r a t i n g 
Spec t ropho tomete r . For the d e t e r m i n a t i o n o f s p e c i f i c 
r o t a t i o n s , a P e r k i n - E l m e r 241 P o l a r i m e t e r was used. E lementa l 
analyses were per formed by Mr J . Diersmann ( M i c r o a n a l y t i c a l 
Department o f our U n i v e r s i t y ) . THF was d i s t i l l e d t w i c e over 
CaH2. A l l r e a c t i o n s i n v o l v i n g ca rban ions were c a r r i e d out 
under n i t r o g e n . The n-BuLi used was a s tock s o l u t i o n o f 
1.6 M in hexane. For the ^-NMR analyses the f o l l o w i n g s h i f t 
reagents were used: Pr ( С ^ Н ^ у ^ ) з : t r i s [ 3 - ( h e p t a f 1 u o r o -
p r o p y l h y d r o x y m e t h y l e n e ) - a - c a m p h o r a t o ] , praseodymium(111 ) 
[ P r ( h f c ) 3 ] ; Y b ( C 1 2 H 1 4 F 3 0 2 ) 3 : t r i s [ 3 - ( t r i f 1 u o r o m e t h y l h y d r o x y -
methylene ) - a - c a m p h o r a t o ] , y t t e r b i u m ( 1 1 1 ) ; [ Y b ( t f c } 3 ] and 
Y b f C j ^ H j ^ F ^ K : t r i s [ з - h e p t a f l u o гор ropy 1 hydro xy me t h y lene )-
α - c a m p h o r a t o ] , y t t e r b i u m ( 1 1 1 ) [ Y b ( h f c ) 3 ] . 
2-rChloro-3, 6-dbhydro-4, S-dimethy 1-2-(7, 7-dimelhyl-2-oxo-
bioyolo[2,2,1]heptyl-l)-2H-thiapyran-l-oxide 3a, Va 
P r o c e d u r e _ a : To a s o l u t i o n o f 1 0 - c h l o r o - 1 0 - s u l f i n y l c a m p h o r 3 
^a ( 2 . 0 g , 8.6 mmol) i n d r y c h l o r o f o r m (10 ml) was added 
an excess of 2 , 3 - d i m e t h y l - 1 , 3 - b u t a d i e n e (3 m l ) . A f t e r 
s t i r r i n g f o r one week a t 70° the v o l a t i l e s were e v a p o r a t e d 
-in vacuo and crude 2^a was c r y s t a l l i z e d f rom c h l o r o f o r m / 
d i i s o p r o p y l e t h e r g i v i n g a n a l y t i c a l l y pure 3a ( 2 . 1 7 g , 80%), 
m.p. 1 1 8 - 1 1 9 ° ; IR ( K B r ) : 1069 ( S = 0 ) , 1730 c m " 1 ( C = 0 ) ; 
^-NMR (CDC1 3 ) : δ 1.20 ( s , 3H, C H 3 ) , 1.44 ( s , ЗН, С Н 3 ) , 
1.68, 1.73 ( b r . s , 6Н, =ССН 3 ), 1 .10-3.80 (m, П Н , r e m a i n i n g 
p r o t o n s ) ; A n a l , c a l e d , f o r C 1 6 H 2 3 S 0 2 C 1 : С, 6 1 . 0 3 ; H, 7 . 3 6 ; 
f o u n d : С, 6 0 . 9 4 , 6 0 . 7 0 ; H, 7 . 4 4 , 7 . 5 1 . 
!?Г°СЁ^УГЁ-!?: The p r o c e d u r e as g i v e n f o r Ъа was f o l l o w e d 
w i t h the o n l y d i f f e r e n c e t h a t p y r i d i n e ( 0 . 5 ml) was added 
153 
to the reaction mixture. After stirring for one week at 70 
the volatiles were evaporated in vacuo. Separation of the 
diastereomers and purification were performed by chromatography 
(silica gel, ether/diisopropyl ether) and crystallization 
(chioroform/diisopropyl ether). The total yield (3a + 3b ) 
was approximately 80% with a product ratio of 3a:3b of 
about 60:40. The spectral data of ЗА were as reported above. 
3b: m.p. 199-200° ( d e c ) ; IR (KBr): 1053 (S = 0 ) , 1734 cm" 1 
(C=0); ^ - N M R (CDC1 3): δ 1.28, 1.56 (s, 6H, C H 3 ) , 1.76 
(s, 6Н, = С С Н 3 ) , 1.10-3.90 (m, П Н , remaining protons); 
Anal, caled, for C 1 6 H 2 3 S 0 2 C 1 : С, 61.03; H, 7.36; found: 
С, 60.93, 60.89; H, 7.43, 7.49. 
2- C h l o r o - Ζ , 6-dihydro-4,S-dimethy1-2-(7, 7-dÌmethyЪ-2-охо-
Ъгауoio[2,2,l]heptyl-l)-2H-thiapyran-l,1-dioxide 
То a solution of 2a (1.1 g, 3.5 mmol) in dry dichloro-
methane 1.1 equiv. of MCPBA, dissolved in dichloromethane 
(5 ml) was gradually added at -40°. After stirring for 36 
hrs at -15° the reaction mixture was poured into a saturated 
aqueous NaHCO, solution. The organic layer was dried (MgSO^) 
and concentrated. After chromatography (silica gel, diiso-
propyl ether/ethyl acetate) and crystallization (chloroform/ 
diisopropyl ether/hexane) 0.7 g (61%) of sulfone was 
isolated, m.p. 171-173°; IR (KBr): 1121, 1318 ( S 0 2 ) , 1741 
cm"
1
 (C=0); ^ - N M R (CDC1 3): 6 1.23, 1.45 (s, 6H, C H 3 ) , 1.69 
(br.s, 6H, = C C H 3 ) , 1.10-3.70, 4.05-4.45 (m, 11H, alif.); 
Exact MS: m/e 295.1335 ( M + - C 1 ) ; caled, for C 1 6 H 2 3 S 0 3 : 
295.1358; Anal, caled, for C 1 6 H 2 3 S 0 3 C 1 : C, 58.08; H, 7.01; 
found: C, 58.20, 57.96; H, 6.99, 6.97. 
( + ) - (S) -S-Ëthy l-Ij_-methyl-S--pheny Isulfoximine 7_ά 
To a solution of ( + )- (S)-jV,s-dimethyl -S-phenyl sul foximi ne 1 ' 
(6.0 g, 35.5 mmol) in THF (125 ml) 1.10 equiv. of n-BuLi 
was added at -78°. After stirring for 0.5 h an excess of 
methyl iodide (1.3 equiv.) was added at -78°. The reaction 
mixture was stirred for 1 h at room temperature and then 
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poured into a saturated aqueous solution of ammonium chloride. 
The organic layer was dried (MgSO«) and then concentrated. 
The residue was chromatographed (silica gel, ether/ethyl 
acetate) giving an oil (6.0 g, 92%). IR (NaCl): 1245, 1147, 
1108, 1085 cm"1; ^-NMR (CDC13): 6 1.22 (t, 3H, J = 7.5 Hz, 
CH 2CH 3), 2.67 (s, 3H, NCH 3), 3.20 (q, 2H, J = 7.5 Hz, CH 2CH 3), 
7.50-8.10 (m, 5H, arom.); [a]D = 146.8° (c = 0.9, acetone); 
Exact MS: m/e 183.0737; caled, for CgH13NS0: 183.0718). 
( + ) - (S_) -S-Methyl-S-pheny l-N- (j^-toly lsulfonyl)sulfoximine 6_b 
The procedure as given by Johnson et al.ì2 was followed. 
Starting from 10.Og (64.5 mmol) of (+)-(S)-S-methyl-s-pheny1 -
sulfoximine7b 17.9 g {90%) of 6b was obtained after 
crystallization from chloroform/ether, m.p. 101-102°; 
IR (NaCl): 1312, 1230, 1100, 1085, 1060 cm"1; ^-NMR (CDC13): 
δ 2.38 (s, 3H, p-CH 3), 3.40 (s, ЗН, SCH 3), 7.10-8.20 (m, 
9H, arom.); [α] D = +129° (с = 1.0, acetone). 
( + ) - (S) -S-Ethy l-S-pheny l-N- (p-tolylsulfonyl) sulfoximine 7_b 
The procedure as given for £a was followed. Starting from 
6b (6.0 g, 19.4 mmol, optical purity 100%) 5.9 g (94%) of 
T^b was obtained after crystallization (chloroform/ether), 
m.p. 92.5-94°; IR (KBr): 1315, 1240, 1215, 1100, 1090, 1040 
cm"
1
; ^-NMR (CDC1 3): δ 1.20 (t, 3H, J = 7.0 Hz, CH 2CH 3), 
2.37 (s, 3H, p-CH 3), 3.50 (q, 2H, J = 7.0 Hz, CH 2CH 3), 
7.00-8.00 (m, 9H, arom.); [a] D = 144.8° (c = 0.9, acetone); 
MS: m/e 323 ( M + ) ; Anal, caled, for C 1 5 H 1 7 S 2 0 3 N : C, 55.70; 
H, 5.38; N, 4.33; found: C, 55.61, 55.73; H, 5.31, 5.31; 
N, 4.56, 4.57. 
S_- ( Chlorome thy I) -N_-me thy l-S-pheny Isulfoximine 7c 
The procedure as given by Johnson and Corkins9 was followed. 
Starting from racemic N ,5-dimethyl-S-phenylsul foximine15 
(2.0 g, 11.8 mmol) 1.5 g (63%) of _7c was obtained. 
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S- (Ch lo rome thy I )-N_- (^-tolylsul forty I ) -5-pheny Isulfoximine 7_à 
The reaction sequence as given by Johnson and Corkins 9 was 
followed. Starting from (-)-(tf)-S-methyl-s-phenylsulfoximine 
(optical purity 80%) 7d was obtained. 
IR (KBr): 1060, 1090, 1150 and 1320 cm" 1; ^ - N M R (CDC1 3): 
δ 2.37 (s, 3H, C H 3 ) , 5.12 (s, 2Н, С Н 2 С 1 ) , 7.30-8.10 (m, 9Н, 
arom.). 
S-Ethyl-N_-methy l-S-pheny Isulfoximine Te 
The procedure as given for 7a was followed starting from 
racemic W.S-dimethyl-S-phenylsulfoximine. 1 5 The spectral 
data were the same as those of T^ a. 
S-Ethy l-S-pheny l-N_- (g-to lylsulfonyl) sulfoximine 7f 
The procedure as given for _7b was followed starting from 
racemi с S-methyl-S-phenyl- N -(p-tolylsulfonyl)sulfoximine 1 2. 
The spectral data were the same as those of T^ b. 
N_, ^-Dime thy I-S^- (^-tolyDsulfoximine 
The procedure as given by Johnson et al.11 was followed. 
Starting from 4.0 g (24 mmol) of 5-methyl-s-(p-tolyl) 
sulfoximine 3.6 g (83%) of the title compound was obtained 
as a colorless oil. IR (NaCl): 1235, 1140, 1100, 1075 cm" 1; 
^- N M R (CDC1 3): δ 2.43 (s, 3H, N-CHj), 2.60 (s, ЗН, р - С Н 3 ) , 
3.03 (s, ЗН, S C H 3 ) , 7.37, 7.80 (ABq, 4Н, J = 7.5 Hz, arom.). 
S_-Ethyl-N_-me thyl-S- (p-tolyl) su Ifoximine 7_g 
method_a: The procedure as given by Johnson et a l . 1 1 for 
(+)-(s)-tf«s-dimethyl-s-phenylsulfoximine was followed. 
Starting from 9.6 g (52 mmol) S-ethyl-S-(p-tolyl)sulfoximine l ε 
9.5 g (93%) of the title compound was obtained as a colorless 
oil. IR (NaCl): 1245, 1145, 1110, 1082 cm" 1; ^ - N M R (CDC1 3): 
δ 1.20 (t, 3H, J = 7.5 Hz, C H 2 C H 3 ) , 2.45, 2.67 (s, 6H, p-CH 3, 
N C H 3 ) , 3.13 (q, 2H, J = 7.5 Hz, C H 2 C H 3 ) , 7.38 and 7.77 
(ABq, 4H, J = 7.5 Hz, arom.). 
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m e t h o d b : The procedure as given for 7a was followed. Start­
ing from /v,s-dimethyl -s- (p-tolyl )sul foximi ne a yield of 
82% was obtained. 
S-Me thyl-S_- (2_-toly 1) -N- (g_-tolylsulfonyl) su Ifoximine 
The procedure as given by Johnson et al.12 was followed. 
Starting from 5.0 g (29.6 mmol) of S-methyl-5-(p-tolyl ) 
sulfoximine 7.0 g (73%) of the title compound was obtained 
after chromatography (silica gel, chloroform/ethyl acetate) 
and crystallization (chloroform/ether), m.p. 143-144°; IR 
(KBr): 1320, 1303, 1230, 1150, 1087, 1073 cm" 1; ^ - N M R 
(CDCI3): δ 2.37, 2.43 (s, 6H, P-CH3, NCH3), 3.37 (s, ЗН, 
S C H 3 ) , 7.10-8.10 (m, 8H, arom.). 
S-Ethy l-S_- (£-to lyl ) -N_- (£_-toly Isulfony Dsulfoximine 7b 
m e t h o d a : The procedure as given by Johnson et al.12 was 
followed. Starting from 10.6 g (58 mmol) of S-ethyl-S-
(p-tolylJsulfoximine 1 6 14.3 g (73%) of 7b was obtained 
after chromatography (silica gel, chloroform/ethyl acetate) 
and crystallization (chloroform/ether), m.p. 90-91°; IR 
(NaCl): 1310, 1150, 1090, 1070, 1040 cm"1; ^ - N M R (CDCI3): 
6 1.30 (t, 3H, J = 7 Hz, СН 2СНз), 2.32, 2.38 (s, 6H, р-СНз), 
3.47 (q, 2Н, СН 2 С Н з ) , 7.10-7.95 (m, 8Н, arom.). 
m e t h o d b : The procedure as given for 7a was followed. 
Starting from 0.52 g (1.6 mmol) of S-methyl - S -(p-tolyl)-
tf-(p-tolylsulfonyl)sulfoximine 0.49 g (91%) of 7h was 
obtained after crystallization (chloroform/ether). 
S- ( l-Trimethylsi lylethyl) -S_-phenyl-N- (£-toly IsulfonyD-
sulfoximine Í3f 
To a solution of s-ethyl-s-phenyl -N -(p-tolylsulfonyl)-
sulfoximine 7f (3.0 g, 9.3 mmol) in THF (100 ml) 1.1 equiv. 
of n-BuLi was added at -78°. After stirring for 0.5 h at 
room temperature an excess of trimethylsilyl chloride 
(1.3 equiv.) was added at -78°. Stirring was continued for 
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1 h a t room t e m p e r a t u r e , then the r e a c t i o n m i x t u r e was 
poured i n t o a s a t u r a t e d aqueous s o l u t i o n of ammonium c h l o r i d e . 
The o r g a n i c l a y e r was d r i e d (MgSO.) and c o n c e n t r a t e d . The 
r e s i d u e s o l i d i f i e d on s t a n d i n g a t room t e m p e r a t u r e . The s o l i d 
m a t e r i a l was c a r e f u l l y washed w i t h d i i s o p r o p y l e t h e r g i v i n g 
a n a l y t i c a l l y pure m a t e r i a l ( 2 . 6 g , 70%), m.p. 120-123° 
( d e c ) ; IR ( K B r ) : 8 4 2 , 1214 ( S i l ^ ) , 1155, 1312 c m " 1 ( S 0 2 ) ; 
^-NMR (CDC1 3 ) : 5 0.30 ( s , 9H, S i l · ^ ) , 1.10 ( d , 3H, J = 7.5 
Hz, CHCH3), 2.43 ( s , 3H, p - C H 3 ) , 2.95 ( q , I H , J = 7.5 Hz, 
CHCH3), 7 . 1 0 - 8 . 0 0 (m, 9H, a r o m . ) ; A n a l , c a l e d , f o r 
C 1 8 H 2 5 N S 2 0 3 S i : C ' 5 4 · 6 5 ; Η · 6 · 3 7 ; N ' 3 . 5 4 ; f o u n d : C, 5 4 . 4 4 , 
5 4 . 4 9 ; H, 6 . 2 2 , 6 . 3 2 ; N, 3 . 3 6 , 3 . 5 4 . 
S-(l-Trimethylsilylethyl) - S - (2-tolyl) -N_- (g-toly Isulfonyl)-
sulfoximine 8b 
The p r o c e d u r e as g i v e n f o r 8 f was f o l l o w e d . S t a r t i n g from 
2.5 g ( 7 . 4 mmol) o f S - e t h y l - s - ( p - t o l y l ) - N - ( p - t o l y l s u l f o n y l )-
s u l f o x i m i n e T^h 2 . 1 g (70%) o f 8h was i s o l a t e d as a s o l i d 
m a t e r i a l , m.p. 1 1 0 ° ; IR (KBr ): 8 4 2 , 1225 ( S i M e 3 ) , 1160, 
1320 c m " 1 ( S 0 2 ) ; ^-NMR (CDCL 3 ) : δ 0.15 ( s , 9H, S i M e 3 ) , 
1.10 ( d , 3H, J = 7.0 Hz, CHCH3), 2 . 4 0 , 2.47 ( s , ЗН, p - C H 3 ) , 
2.93 ( q , I H , J = 7.0 Hz, CHCH3), 7 . 1 0 - 7 . 9 0 (m, 8H, a r o m . ) ; 
A n a l , c a l e d , f o r C i g H 2 7 S 2 0 3 S i Ν : С, 5 5 . 7 1 ; Η, 6 . 6 4 ; Ν, 3 . 4 2 ; 
f o u n d : С, 5 5 . 8 0 , 5 5 . 9 9 ; Η, 6 . 6 5 , 6 . 7 0 ; Ν, 3 . 5 1 , 3 . 4 3 . 
3, G-Dbhydro-2, 4, 5-trime Lhyl-2-S- ( S-pheny l-!J_-methy Isulfoximine) -
P.H-thiapyran-l-oxide 10a 
To a s o l u t i o n o f 2.0 g ( 1 0 . 9 mmol) (+ ) - ( s ) - S - e t h y l - S - p h e n y l -
ff-methyl sul f o x i m i ne _7a i n THF (60 ml) 1.1 e q u i v . o f n-BuLi 
was added at -78 . A f t e r s t i r r i n g f o r 0.5 h at room temp­
e r a t u r e t r i m e t h y l s i l y l c h l o r i d e ( 1 . 1 e q u i v . ) was added at 
- 7 8 ° . A f t e r s t i r r i n g f o r a n o t h e r 0.5 h at room t e m p e r a t u r e 
again 1.1 e q u i v . o f rz-BuLi was added at - 7 8 ° . T h i s s o l u t i o n 
of the a - s i l y l c a r b a n i o n was added t o an excess of s u l f u r 
d i o x i d e i n THF (10 ml) at - 7 8 ° . This r e a c t i o n m i x t u r e was 
158 
stirred for 15 min at -78 and then an excess of 2,3-di-
methyl-1,3-butadiene was added at-78 0. After stirring for 
16 hrs at room temperature the solution was poured into 
a saturated aqueous ammonium chloride solution. The organic 
layer was dried (MgSOH and concentrated in vacuo. 
Chromatography (silica gel, ether/ethyl acetate) gave pure 
^Oa (1.35 g, 40%) as an oil; IR (NaCl): 1250, 1150, 1050 
cm"
1; iH-NMR (CDCI3)·. 6 1.27 (s, 3H, CH3), 1.80 (br.s, 6H, 
= C C H 3 ) , 2.73 (s, ЗН, NCHg), 2.53 and 3.05 (ABq, 2H, J = 20 
Hz), 3.27 and 3.63 (ABq, 2H, J = 21 Hz), 7.00-7.50 (m, ЗН, 
arom.), 7.85-8.10 (m, 2H, arom.). 
Racemic S-ethyl-S-phenyl-/V-methylsu!foximine Te was converted 
into racemic K)e by the same procedure as given for 10a. 
Ζ, 6-D-ihydro-2, 4, S-trimethy 1-2-S- [s_-pheny l-II·- (^j-tolyl-
sulfonyDsulfoximine] -2H-pyvan-l-oxide 10b 
The procedure as given for J_0a was followed. Starting from 
1.25 g (3.9 mmol) of (+)-(S)-s-ethyl-S-phenyl- N -(p-tolyl-
sulfonyl)sulfoximine 7b 1.15 g (66%) of 10b was obtained 
after chromatography (silica gel, ether/ethyl acetate) as 
an oil which crystallized on standing, m.p. 61.5-63°; IR 
(KBr): 1325, 1220, 1155, 1098, 1089, 1044 cm" 1; ^ - N M R 
(CDC1 3): δ 1.26 (s, ЗН, C H 3 ) , 1.77 (br.s, 6Н, = С С Н 3 ) , 2.37 
(s, ЗН, р - С Н 3 ) , 2.50 and 2.87 (ABq, 2Н, .1 = 19.5 H z ) , 
3.40 (br.s, 2 Н ) , 7.00-8.10 (m, 9Н, arom.). 
Starting from isolated S-( 1-trimethylsilylethyl)-S-phenyl-
N- (p-toluenesulfonyl)sulfoximine 8f the yield on 10b amount­
ed to 67%. 
Racemic S-ethyl-S-(p-tolyl ) - N -(p-tolylsulfonyl)sulfoximine 
TJi was converted into racemic lj)h by the same procedure 
as gi ven for 10a . 
2-Chloro-Z, 6-dihydro-4 , 5 -dime thy I- 2- S- [#- (me thy l)-S_- (pheny I) -
sulf oximine]-2H-pyran-l-oxide 10c 
The procedure as given for П)а was followed. Starting from 
0.67 g (3.3 mmol) of S-(chioromethyl)-tf-methyl-S-phenyl-
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sul foximine le. 0.38 g (35%) of 10c was isolated after 
chromatography (silica gel, ether) as an oil which crystal­
lized on standing at room temperature. Careful washing with 
hexane gave analytically pure J_0c, m.p. 87-88.5°; IR (KBr): 
1073 cm"1 (S = 0 ) ; ^-NMR (CDC^): δ 1.70 (br.s, 6H, C H 3 ) , 
2.87 (s, 3H, NCH 3), 2.66-3.60 (m, 4H), 7.40-7.60 (m, 3H, 
arom.), 7.90-8.10 (m, 2H, arom.); Anal, caled, for 
C 1 4 H 1 8 S 2 0 2 N C 1 : C' 5 0 - 6 7 ; H' 5 · 4 7 ; N. 4.22; found: C, 50.60, 
60.50; H, 5.44, 5.47; N, 4.19, 4.21. 
2-ChloÎO-o, 6-di.hydro-4, 5-dimethy 1-2-S- [s-phenyl-N_-(g_-tolyl-
sulfonyl)sulfoximine]-2H-thiapyvan-l-oxide IQd 
The procedure as given for J_0a was followed. Starting from 
0.58 g [1.7 mmol, optical purity +80%(5)] of S-(chloro-
methyl )-^-phenyl-5-(p-tolyl sul f onyl )sul foximine T^d 0.45 g 
(57%) of K)d was isolated after chromatography (silica gel, 
ether) as a solid material, m.p. 169-176°; IR (KBr): 1086 
(S=0), 1157, 1324 cm" 1(S0 2); ^-NMR (CDCI3): δ 1.67 (br.s, 
3H, C H 3 ) , 2.33 (S, 3H, p-CH 3), 2.77-3.70 (m, 4H), 7.00-8.10 
(m, 9H, arom.); Anal, caled, for C—H—NS-jO-Cl : C, 50.79; 
H, 4.70; N, 2.97; found: C, 50.2; H, 4.6; N, 3.1. 
3j 6-Dihydro-2j 43 5-trimethyl-2-S_[N_-methyl-S_- (g_-to lyl) sulfox-
imine]-2H-thiapyran-l-oxide IQg 
The procedure as given for П)а was followed. Starting from 
1.05 g (5.32 mmol) of S-ethyl -/v-methyl -s- (p-tolyl )sul foxi mi ne 
.10g 0.78 g (45%) of \0g and 0.04 g (2%) of a by-product 
was obtained after chromatography (silica gel, ether/ethyl 
acetate). Crystallization from chloroform/diisopropyl ether/ 
hexane gave the pure compounds. 
UJg: m.p. 114-115°; IR (KBr): 1250, 1238, 1150, 1055 cm"1; 
1H-NMR (CDC1 3): δ 1.27 (s, 3H, C H 3 ) , 1.82 (br.s, 6Н, olef. 
С Н 3 ) , 2.45, 2.73 (s, 6Н, p-CHj, N-CH3), 2·33-3.73 (m, 4Η), 
7.38 and 7.93 (ABq, 4H, J = 1.25 Hz, arom.); MS: m/e 325 
(M +); Anal, caled, for C 1 6 H 2 3 S 2 N 0 2 : С, 59.05; H, 7.12; Ν, 
4.30; found: С, 58.85, 59.00; Η, 7.10, 7.11; Ν, 4.22, 4.22. 
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by-product: m.p. 128-129.5°; IR (KBr): 1265, 1250, 1145, 
1052 cm" 1; ^ - N M R (CDC1 3): δ 0.47 (s, ЭН, S i N ^ ) , 1.13 (s, 
ЗН, С Н 3 ) , 1.80 (br.s, 6Н, olef. СН3), 2.45, 2.67 (s, 6Н, 
р-СН 3, N - C H 3 ) , 2.50-3.83 (m, 4Н), 7.37 and 8.10 (ABq, 2H, 
J = 8.5 Hz, arom.), 7.62 (br.s, IH, arom.); Exact MS 
caled, for C 1 9 H 3 1 S 2 0 2 N S i : 397.1566; found: 397.1639; Anal. 
caled, for C ] [ 9 H 3 1 S 2 0 2 N S i : C, 57.39; H, 7.86; N, 3.52; found: 
C, 57.1, 57.2; H, 7.5, 7.6; N, 3.5, 3.7. 
When 2 equiv. of n-BuLi was used during the trimethylsilyl-
ation step the yield of JJDg was 6% and of the by-product 
it was 5 7%. 
By crystal-picking a single form of the adduct Hig was 
obtai ned. 
Ζ, 6-Oihydro-2, 4, S-trime thyl-2-S [s- (g_-toly I) -N_- (p_-toly l~ 
sul fany I)sulfoximine]-2H-thiapyran-l-oxide IQh 
The procedure as given for IJJa was followed. Starting from 
2.3 g (6.8 mmol) of s-ethyl- S -(p-tolyl) - N -(p-tolylsul fonyl)-
sulfoximine 7h 1.9 g (60%) of lOh was obtained after 
chromatography (silica gel, ether/ethyl acetate) as a solid 
material, m.p. 65-68°; IR (KBr): 1320, 1228, 1154, 1087, 1042 
cm"
1; 1H-NMR (CDCI3): δ 1.25 (s, ЗН, C H 3 ) , 1.78 (br.s, 6Н, 
olef. СН3), 2.37, 2.45 (s, 6H, р-СНз), 2.50 and 2.83 (ABq, 
2H, J = 16.5 Hz), 3.38 (br.s, 2 H ) , 7.30-8.00 (m, 8H, arom.); 
Anal, caled, for C 2 2 H 2 7 S 3 0 4 N : С, 56.75; H, 5.84; Ν, 3.01; 
found: С, 55.9, 55.8; Η, 5.8, 5.8; Ν, 3.1, 3.0. 
Oxidation of lOf 
To a solution of Hlf (0.92 g, 2.0 mmol) in dry dichlorome-
thane (5 ml) one equiv. of MCPBA, dissolved in 3 ml of di-
chloromethane was gradually added at 0°. After stirring for 
16 hrs at room temperature the reaction mixture was poured 
into a saturated aqueous ammonium chloride solution. The 
organic layer was dried (MgSO-) and concentrated in vacuo. 
After chromatography (silica gel, ether) 0.31 g (33%) of llf, 
161 
0.11 g (11%) of Uf and 0.19 g (21%) of 10f were isolated. 
Crystallization from chioroform/diisopropyl ether gave 
analytically pure l_lf and 12f. 
n.f: m.p. 177-178°; IR (KBr): 1326, 1320, 1153, 1106 cm"1; 
1H-NMR (CDC1 3): δ 1.52 (s, 3H, C H 3 ) , 1.57 (br.s, 6Н, olef. 
СН 3 ) , 2.40 (s, ЗН, р-СН 3), 2.50-4.47 (m, 4Н), 7.10-8.15 (m, 
9Н, arom.); Anal, caled, for C 2 i H 2 5 S 3 0 5 N : C' 5 3 · 9 4 ; H' 5.39; 
N, 3.00; found: С, 53.8, 53.9; H, 5.4, 5.4; Ν, 2.9, 3.1. 
_12f: m.p. 169.5-171°; IR (KBr): 1328, 1155, 1131 cm"1; 
^-NMR (CDC1 3): 6 1.13 (s, 3H, C H 3 ) , 1.40, 1.44 (s, 6H, olef. 
CH 3 ) , 2.37 (s, 3H, p-CH 3), 2.55-4.27 (m, 4H), 7.10-8.10 
(m, 9H, arom.); Anal, caled, for (^,Ηρ^Ο,Ν: С, 52.15; H, 
5.21; Ν, 2.90; found: С, 52.3, 52.0; Η, 5.3, 5.3; Ν, 3.0, 2.9. 
Oxidation of 10g 
The procedure as given for Π)ί was followed. Starting from 
0.60 g (1.8 mmol) of lj)g 0.40 g (63%) of \lq was isolated 
after chromatography (silica gel, ether) and crystallization 
(chloroform/diisopropyl ether), m.p. 129-130°; IR (KBr): 
1316, 1146, 1128 cm"1; 1H-NMR (CDC1 3): δ 1.60 (s, ЗН, C H 3 ) , 
1.77 (br.s, 6Н, olef. СН 3), 2.50, 2.85 (s, 6Н, р-СН 3, 
N-CH 3), 2.85-4.67 (m, 4Н), 7.40 and 7.90 (ABq, 4H, J = 12 
Hz, arom.); Anal, caled, for C 1 6H 2 3S 20 3N: С, 56.28; H, 6.97; 
Ν, 4.10; found: С, 56.2, 56.3; Η, 6.8, 6.9; Ν, 4.1, 4.0. 
Oxidation of 10h 
The procedure as given for lO^ f was followed. Starting from 
0.90 g (1.9 mmol) of 10h 0.47 g (50%) of j_lh and 0.14 g 
(15%) of l^ h were isolated after chromatography (silica gel, 
ether) and crystallization (chloroform/diisopropyl ether). 
n.h: m.p. 193-195°; IR (KBr): 1322, 1161, 1108 cm"1; ^ -NMR 
(CDCI3): δ 1.52 (s, ЗН, CH 3 ) , 1.57 (br.s, 6Н, olef. С Н 3 ) , 
2.38, 2.47 (s, 6Н, р-СН 3), 2.60-4.40 (m, 4Н), 7.10-8.10 
(m, 8Н, arom.); Anal, caled, for C2 2H 2 7S 30 5N: С, 54.86; H, 
5.65; Ν, 2.91; found: С, 54.2; Η, 5.6; Ν, 2.8. 
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\2h: m.p. 179-180°; IR (KBr): 1330, 1136, 1160 cm"1; ^-NMR 
(CDC1 3): δ 1.10 (s, 3H, C H 3 ) , 1.43 (br.s, 6Н, olef. С Н 3 ) 5 
2.39, 2.47 (s, 6Н, р-СН 3), 2.55-4.40 (m, 4Н, С Н 2 ) , 7.10-8.10 
(m, 8Н, arom.); Anal, caled, for C 2 2H 2 7S 30 6N: С, 53.09; 
H, 5.49; Ν, 2.81; found: С, 53.1, 52.9; Η, 5.5, 5.5; Ν, 
2.9, 2.8. 
Cyoloaddition réaction of 9f with 135-cyolopentadiene 
The procedure as given for JJDa was followed, using freshly 
distilled cyclopentadiene. Starting from 1.5 g (4.6 mmol) 
of 7f one cycloadduct crystallized on standing after 
chromatography (silica gel, ether/ethyl acetate), 0.91 g 
(45%), m.p. 110° ( d e c ) ; IR (KBr): 1315, 1235, 1151, 1088 
and 1059 cm"1; ^-NMR (CDC13): δ 1.45 (s, ЗН, C H 3 ) , 2.36 
(s, ЗН, р-СН 3), 1.80-2.70 (m, 2Н), 3.10, 4.20 (br.s, IH), 
5.90-6.10 (m, IH), 6.30-6.50 (m, IH), 7.20-8.00 (m, 9H, 
arom.); Anal, caled, for C^H-jSjO.N: С, 55.15; H, 4.86; 
Ν, 3.22; found: С, 54.9, 54.8; Η, 4.8, 7.8; Ν, 3.1, 3.0. 
Cyoloaddition reaction of 9^h with 1, 3-cyolopentadiene 
The procedure as given for 10a was followed using freshly 
distilled cyclopentadiene. Starting from 1,3 g (3.9 mmol) 
of T^h one cycloadduct crystallized after chromatography 
(silica gel, ether/ethyl acetate) on standing, 0.64 g 
(37%), m.p. 135° ( d e c ) ; IR (KBr): 1301, 1240, 1148, 1090, 
1060 cm"1; ^-NMR (CDC1 3): δ 1.43 (s, ЗН, C H 3 ) , 2.38, 2.46 
(s, ЗН, р-СН 3), 1.93-2.60 (m, 2Н), 3.10, 4.13 (br.s, IH), 
5.85-6.05 (m, IH), 6.23-6.43 (m, IH), 7.10-7.50 (m, 4H, 
arom.), 7.60-7.90 (m, 4H, arom.); Anal, caled, for 
C 2 1 H 2 3 S 3 0 4 N : Z' 56.10; H, 5.16; N, 3.12; found: С, 56.1, 
56.4; H, 5.1, 5.2; Ν, 2.9, 3.0. 
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S A M E N V A T T I N G 
In d i t p r o e f s c h r i f t wordt de synthese van g e f u n c t i o -
n a l i s e e r d e s u l f i n e n beschreven alsmede en ige r e a c t i e s van 
deze v e r b i n d i n g e n . In het i n l e i d e n d h o o f d s t u k w o r d t een 
k o r t h i s t o r i s c h o v e r z i c h t gegeven van de chemie van s u l f i n e n 
( t h i o n 5 - o x i d e n ) . 
In h o o f d s t u k 2 w o r d t de b e r e i d i n g van s u l f i n e n v i a de 
a l k y l i d e n e r i n g van z w a v e l d i o x i d e met α - s i l y l c a r b a n i o n e n 
beschreven (schema 1 ) . D i t concept voor de su l f i n e s y n t h e s e 
schema 1 
R l \ i| base R , \ / H l| base 
„ / 21 MejS.Cl
 n / \ S | M e 3 7) S02 
"l 0 B, o 
I I R / 
МезЗі 0 2 
dat te beschouwen is als een gemodificeerde Peterson reac­
tie, werd in 1977 in het Nijmeegse Organisch-Chemisch 
laboratorium ontwikkeld. De benodigde silylverbindingen 
werden verkregen door silylering van geschikte actieve 
methyleenverbindingen of door alkylering van silyl-methyl een­
verbindingen . Hydrolysegevoeli ge sulfinen, die via de 
oxidatie van de corresponderende thiocarbonyl verbindingen 
niet toegankelijk zijn, kunnen via de alkyli denering van 
SO- eenvoudig worden verkregen, onder de voorwaarde dat 
er een "droge" opwerkmethode wordt gebruikt. 
In sommige gevallen wordt bij de synthese van sulfinen 
volgens de gemodificeerde Peterson-methode als bijprodukt 
een alkeen gevormd. Een verklaring voor deze reactie is 
weergegeven in schema 2. Een thiofiele aanval van a-silyl-
carbanionen op het sulfine, gevolgd door afsplitsing van 
trimethylsi 1anolaat, leidt tot thion S-ylides die onder 
uitstoting van zwavel de alkenen geven. 
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In hoofdstuk 3 wordt een poging beschreven om deze 
nevenreactie uit te bouwen tot een synthese van alkenen. 
Hoewel in een aantal gevallen alkenen werden verkregen, is 
deze olefine-synthese niet algemeen. Van grote interesse 
is daarentegen de bereiding van thion S-imiden volgens 
schema 3. Deze heterocumulenen kunnen worden bereid door 
schema 3 
К ,} ) = S / + Нз-Н-ЗіМез 
R3-H = S + ^ЗіМез 
H" .H-R, 
IE &Z) 
de reactie van sulfinen met de anionen van silylaminen of 
door de reactie van α-si lyl carbani onen met Λί-sul f i nyl ami nen . 
Gebleken is dat de gevormde thion S-imiden alleen stabiel 
zijn als de substituenten voldoende sterisch gevuld zijn. 
Hoofdstuk 4 handelt over het gebruik van de gemodi­
ficeerde Peterson reactie bij de synthese van sulfinen 
afgeleid van indeen (een actieve methyleenverbinding ). 
Omdat in carbam'on l_a het Сз-atoom een betere nucleofiel 
blijkt te zijn dan het Cj-atoom in de reactie met zwavel­
dioxide, was het noodzakelijk op C3 een substituent anders 








2 E 1 1 
la R^H 
1ЬИ]=СНз,СН2РЬ.8іМез#8іРІіз 
synthese te bewerkstelligen (schema 4).Een alternatieve 
manier om van indeen afgeleide sulfinen te bereiden,berust 
op een 6-additie van nucleofielen aan α ,β-γ,δ-onverzadigde 
silylverbindingen 3. De aldus gevormde α-silylcarbanionen 4 






b R^R^Ph 5 (E*Z) 
In hoofdstuk 5 wordt de synthese van fosforyl gesubsti 
tueerde sulfinen v i a de gemodificeerde Peterson reactie 




\ll 1) n-BuLi 
„P-CH-R, — 1 
/ I z 2) SO2 SiMej 
я 0 S'" Y 
^ P - C - R 2 
Hl S' 
"i 0 
substituent aan het sul finekoolstofatoom kennelijk een 
stabiliserend effect heeft op de thermische stabiliteit 
van de sulfinen. Fosforylsul finen waarin zich tevens een 
alkylgroep bevindt, zijn zelfs bij kame r t e m p e r a t u u r stabiel 
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Doorgaans kunnen alkylgesubstitueerde sulfinen alleen 
in situ worden gemaakt. 
De fosforylsul finen reageren met alkyllithium verbin­
dingen op het sulfine zwavelatoom waarbij anionen ]_ ontstaan 
dat met aldehyden in een Wittig-Horner reactie α,β-onver-
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EtO C . 
10 / N 3 
met een alkylhalide leidt tot α-sul fi nyl fosfonaten 9^  die 
bij verhitting sulfeenzuur verliezen onder vorming van 
α,ß-onverzadigde fosfonaten 10_ (schema 7 ) . Behandeling van 
fosf oryl sul f i nen _^1 met een geschikte base en vervolgens 
elektrofiele alkylering van de gevormde anionen 12_ geeft 
de dubbel gefunctionaliseerde olefinen 1^ (schema 8 ) . 
schema 8 
0. 
De synthese van s u l f i n e n a f g e l e i d van het aminozuur 
5 - p r o l i n e wordt beschreven i n hoo fds tuk 6. T i j d e n s de 
[4 + 2 ] - c y c l o a d d i t i e r e a c t i e met 2 , 3 - d i m e t h y l - 1 , 3 - b u t a d i e e n 
b leken deze c h i r a l e s u l f i n e n 15_ een asymmetr ische i n d u c t i e 









werd waargenomen (schema 9 ) . 
In hoofdstuk 7 wordt de reactie beschreven van het 
optisch actieve 10-chloor-lO-sulfinylkamfer J_7 met 2,3-
dimethyl-1,3-butadieen. Tijdens deze cycloadditiereactie 
werd een volledige asymmetrische inductie waargenomen 
(schema 1 0 ) . Het aantrekkelijke van dit sulfine is dat het 
schema 10 
Cj, S^face 
asymmetrische centrum zich naast het prochirale centrum 
bevindt. Toevoeging van pyridine tijdens de cycloadditie 
bleek een isomerisatie van het sulfine teweeg te brengen. 
Dat de asymmetrische inductie desondanks volledig w a s , kon 
geconcludeerd worden uit het feit dat er slechts twee 
diastereomeren gevormd werden, afkomstig van de cyclo­
additie van het 2,3-dimethyl-1,3-butadieen met het E-
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respectievelijk z-sulfine (bepaald met behulp van röntgen-
analyses van beide di astereome r e n ) . Ook sulfinen met een 
chirale sulfoximine groep aan het sulfine koolstofatoom 
bleken een volledige asymmetrische inductie te geven in 
de cycloadditiereactie met 2 ,3-dimethyl-1,3-butadieen 
(schema 1 1 ) . 
schema 11 
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S U M M A R Y 
T h i s t h e s i s d e a l s w i t h t h e s y n t h e s i s o f f u n c t i o n a l i zed 
s u l f i n e s and some o f i t s r e a c t i o n s . In t h e i n t r o d u c t o r y 
c h a p t e r t h e c h e m i s t r y o f s u l f i n e s ( t h i o n S - o x i d e s ) i s b r i e f l y 
r e v i ewed. 
I n C h a p t e r 2 t h e p r e p a r a t i o n o f s u l f i n e s by a l k y l i d e n a t -
i o n o f s u l f u r d i o x i d e u s i n g a - s i l y l c a r b a n i o n s ( m o d i f i e d 
P e t e r s o n r e a c t i o n ) i s d e s c r i b e d (scheme 1 ) . T h i s new s y n t h e t i c 
scheme 1 
n i \ i| base 
.CH2 1 
R / 2) MejSiCl 
R , \ / H 1) base 
/ \ s i M e , 2> S 0 * 
I 
R , — С S 
2
 I I 
MesSi _ 0 
// R,
 0 
. \ = 5 ^ + М е з 3 1 0 
Ч 
method was developed in 1977 at the University of Nijmegen. 
The requisite silyl precursors are obtained by either 
silylation of appropriate active methylene compounds or by 
alkylation of suitable silyl compounds. Deprotonation of 
the silyl precursors with n-butyl1 ithiurn leads to a-silyl 
carbanions which are then added to an excess of sulfur 
dioxide producing sulfines, usually in good yields. Special 
experimental attention is needed for sulfines that are 
sensitive towards hydrolysis. With a special dry work-up 
procedure this type of sulfines can be obtained. 
In some cases the synthesis of sulfines according to 
the modified Peterson reaction is accompanied by the f o r m a t ­
ion of an alkene as a by-product. An explanation for its 
formation is outlined in scheme 2. Thiophilic attack of the 
a-silyl carbanion at the already formed sulfine, followed 
by elimination of trimethylsi 1anolate leads to a thione 
s-ylide which loses sulfur to give the isolated olefine. 
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scheme 2 
R2 ЗіМез " ι 
R l \ - / S \ > / 5 , М е з 
/ С Ri 
R l \ © / S \ / 5 | М е з 
R , — С С — R 3 
R > < „ 
In Chapter 3 a t t e m p t s are d e s c r i b e d t o e l a b o r a t e t h i s 
s i d e - r e a c t i o n t o an o l e f i n s y n t h e s i s . More i m p o r t a n t i s 
the new s y n t h e s i s o f t h i o n e S- imides f rom e i t h e r s u l f i n e s 
or s u l f i n y l a m i n e s , as i s o u t l i n e d i n scheme 3. I t was 
scheme 3 
«K J ) = S + Из-Н-5іМез 
/Ζ0 V I 
R3-N = S + / ^ S i M e j ' 
R 
IE&Z) 
found t h a t t h i o n e S- imides can o n l y be i s o l a t e d when they 
bear s u f f i c i e n t l y b u l k y s u b s t i t u e n t s . 
Chapter 4 deals w i t h an a p p l i c a t i o n o f the s u l f i n e 
s y n t h e s i s a c c o r d i n g t o the m o d i f i e d Peterson method u s i n g 
indene as a c t i v e methylene compound. Indene can r e a d i l y 
be c o n v e r t e d i n t o s i l y l c a r b a n i o n l a » however, subsequent 
t r e a t m e n t w i t h s u l f u r d i o x i d e does not produce the e x p e c t e d 
s u l f i n e , p r o b a b l y because C, i s a b e t t e r n u c l e o p h i l i c 
c e n t r e than Cj (scheme 4 ) . The anions \b behave as d e s i r e d 
and g i v e the c o r r e s p o n d i n g s u l f i n e s 2^  ( R j f Η) i n good 
y i e l d s . Indene d e r i v e d s u l f i n e s can a l s o be produced by 
n u c l e o p h i l i c δ - a d d i t i o n t o the α , β - γ , δ - u n s a t u r a t e d s i l y l 
compounds 2 a n d subsequent t r e a t m e n t w i t h s u l f u r d i o x i d e 
(scheme 5 ) . 
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За R1 = Ph,R2=H 
b R^R^Ph 
5 \i*l) 
In Chapter 5 the synthesis of phosphoryl substituted 
sulfines is described using again the concept of the 














R i о 
substituents have a stabilizing effect on the sulfines. 
This is apparent from the observation that sulfines which 
have an alkyl substituent at the sulfine carbon atom are 
even stable at room temperature. Usually alkyl substituted 
sulfines can only be obtained in s i t u . 
Thiophilic reaction of phosphoryl sulfines with alkyl-
lithium compounds leads *o carbanions 7_ which in a Wittig-
Horner type reaction product 11,3-unsaturated sulfoxides 
upon treatment with aromatic aldehydes (scheme 7 ) . Alter­




Et О (, s ^ 0 Ph η R, ,S-Ri 
Ε.0 κ E t / , * ^ И , H ^ 1 \ k 
r / | \ reflux / \ 
E 1 0
 CH,R, " ι E*0 C, 
I CH2R3 τ ίο
 H / N i 3 
providing α-sulfinyl phosphonates 9^ . These sulfinyl compounds 
eliminate sulfenic acid on heating, to give unsaturated 
phosphonates j_0 (scheme 7 ) . Phosphoryl sulfines having 
α-hydrogen atoms, i.e. !_!, give the double f unct ional ized 
olefins 1_3 upon treatment with a suitable base (TlOEt) and 
subsequent electrophi1 i с alkylation (scheme 8 ) . 
scheme 8 
0. 
Ri 13 CHR2 
The s y n t h e s i s o f s u l f i n e s d e r i v e d f rom S - p r o l i n e i s 
d e s c r i b e d i n Chapter 6. Again the a l k y l i d e n a t i o n o f SCU 
u s i n g o t - s i l y l c a r b a n i o n s was u s e d . The p r o l i n e d e r i v a t i v e 
was l i n k e d w i t h a s u l f o n y l f u n c t i o n t o a methylene group 
(scheme 9 ) . In t h i s manner s u l f i n e s are o b t a i n e d w i t h 
s u f f i c i e n t d i e n o p h i 1 i c i t y t o g i v e [ 4 + 2 ] - c y c l o a d d i t i on 
r e a c t i o n s w i t h 2 , 3 - d i m e t h y l - 1 , 3 - b u t a d i e n e . D u r i n g the 
D i e l s - A l d e r r e a c t i o n s of these p r o l i n e d e r i v e d s u l f i n e s 
15 an asymmetr ic i n d u c t i o n was o b s e r v e d . In most cases 
d i a s t e r e o m e r i с excess va lues of 10-40% were o b t a i n e d . 
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scheme 9 
1) n-BuLi I 
• Rî-C-SIbN 
2) МезЗіСІ * | 
SiMej 
4 . 
1) n-BuLi II У\ 





In Chapter 7 the Diels-Alder reaction of 10-chloro-10-
sulfinyl camphor 17_ with 2 ,3-di methyl -1,3-butadi ene is 
described. Interestingly, complete asymmetric induction 
was observed (scheme 1 0 ) . From an X-ray analysis the exact 
scheme 10 
CjiSnrlac. 
configuration of the sulfinyl group and around C2 of the di 
hydrothi apyran-1-oxi de lj3 could be established. From the 
structure of the cycloadduct JjJ it can be reconstructed 
that the diene has approached the plane of the sulfine 
moiety from the CreSs-¡ -face (scheme 10, compound 1 7 ) . 
It is quite probable that the donor-acceptor complex of 
sulfine and diene preceeding the cycloaddition reaction 
arises from an approach of the diene to that sulfine 
conformer which has the least hindered C r eS s 1· -f ace. As was 
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deduced from molecular models this clearly is a reaction 
of the diene with the sulfine rotamer with chlorine position­
ed eyn to Cy from the side opposite to the carbonyl function 
at C2 (compound 17 ). 
In this chapter 7 also sulfines with a chiral sulfox-
imine group are described. The sequence of reactions used 
to prepare this type of sulfines is depicted in scheme 11. 
Diels-Alder reactions with these sulfines also lead to 
complete asymmetric induction. 
scheme 11 
0 





2) Me I * 
0 
P h ^ S — CH2CH3 
Г 










C U R R I C U L U M V I T A E 
De auteur van dit proefschrift werd geboren op 13 april 
1952 te Lichtenvoorde. In 1968 werd met goed gevolg het 
M.U.L.O.-A+B- en Middenstandsdiploma behaald. In mei 1971 
werd de H.B.S.-B opleiding aan de Scholengemeenschap te 
Doetinchem voltooid. In september 1971 werd begonnen met de 
scheikundestudie aan de Katholieke Universiteit te Nijmegen. 
Van mei 1972 tot september 1973 werd de militaire dienst-
plicht vervuld waarna in juni 1975 het kandidaatsexamen (SI) 
werd afgelegd. De doctoraalstudie omvatte als hoofdvak 
Organische Chemie (Prof.Dr. B. Zwanenburg) en bijvakken 
Anorganische Chemie (Prof.Dr.Ir. J.J. Steggerda) en Farma-
cochemie (Prof.Dr. J.M. van Rossum, Prof.Dr. C.A.M, van 
Ginneken). In februari 1979 werd het doctoraalexamen schei-
kunde afgelegd. 
Gedurende zijn studie en promotie-onderzoek was hij 
betrokken bij het onderwijs aan studenten als assistent 
bij practica en werkcolleges. 
Op 1 april 1979 werd hij aangesteld als wetenschappelijk 
medewerker aan het Laboratorium voor Organische Chemie van 
de Katholieke Universiteit te Nijmegen in dienst van de 
Nederlandse Organisatie voor Zuiver-Wetenschappelijk Onder-
zoek (Z.W.O.) en werd onder leiding van Prof.Dr. B. Zwanen-
burg begonnen met het in dit proefschrift beschreven onder-
zoek. 
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